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An Appraisal of Entomology and Entomologists 


Presidential Address, Siatieth Annual Meeting, American Asso- 
ciation of Economic Entomologists 


S. A. Rouwer, Bureau of Entomology and Plant Quarantine, Washington, D. C. 


Many of us can remember the time, and 
it was not too long ago, when meetings of 
entomologists attracted little or no atten- 
tion. We can also recall how we wondered 
what approach we should use as individ- 
uals in speaking to others about our pro- 
fession or avocation. Lack of public 
interest and uncertainty as to public 
attitude has had an effect, more important 
than we have realized, on the develop- 
ment of the science of entomology. As 
we think of our science today it is rather 
hard to appreciate why there was such 
indifference. As early as 1860 the law- 
makers of our country recognized the 
importance of entomology by indicating 
the need for developing information on 
how to control insects. They even went so 
far as the establishment of special com- 
missions to determine ways of controlling 
grasshoppers thus providing aid to farmers 
that would enable them to maintain their 
homes and farms in the newly developed 
agricultural areas of the Great Plains. 

As we look back, this early recognition 
of the significant place that insects have 
in agriculture is not surprising to ento- 
mologists. Many of the annual addresses 
of presidents of our Association have 
pointed out the imporatnce of insects and 
the losses they cause. Entomologists 
generally have long known that insects 
as a class compete more directly with man 
than does any other group of animals. 
There is hardly a place on the earth in- 
habited by man where he is not annoyed, 
or his labors are not affected, by insects. 
Insects have had a very profound effect 
on the development of civilization. In the 
light of current knowledge it is not hard to 
point out instances where insects have 
had a far reaching influence on the history 
of nations and upon affairs of the world. 


Had the early Romans recognized the 
disease-carrying habits of mosquitoes and 
devoted a small part of their effort to 
control them, the map of Europe might 
have quite a different appearance today. 
What fleas meant to Europe and Eurasia, 
especially during the time of the “black 
death,” is now easily understood. Had the 
relation of mosquitoes to yellow fever and 
malaria been recognized a few years 
earlier than it was, the present short cut 
between the Atlantic and Pacific Oceans 
might be in a different place and under 
different control. What would this have 
meant to the Western Hemisphere is a 
matter of conjecture. Had the Texas fever 
tick not been brought under control, the 
agriculture of our Southern States would 
still lack the benefits of cattle and dairying. 
Had the Mediteranean fruit fly remained 
in Florida, the citrus industry of the 
South and the fruit cultures of other 
regions would have been so curtailed that 
certain fruits would still be used as dessert 
rather than as the breakfast “eye 
opener.” , 

Illustrations such as these could be 
multiplied, and perhaps even better 
examples could be cited. It is not my 
purpose to point out the importance of 
insects. That we accept. We may, however 
well ask ourselves why it has taken so 
many years for entomology to get the 
recognition it has today. There is no doubt 
that the science is more generally appre- 
ciated now than it was even 10 years ago. 
It contributes more to the happiness, 
comfort, and economy of the world than 
it has at any time in the past. As ento- 
mologists we glory in this—perhaps far 
more than we should, as the intoxication 
of recognition may be affecting our 
judgment. In our enthusiasm it may be 
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well for us to look backward. If we do this 
we will find that entomologists are partly 
responsible for the delay in appreciation 
and recognition of our science. 

APPRECIATION OF THE IMPORTANCE OF 
ENTOMOLOGY—STILL INADEQUATE.—For 
a science that received early recognition 
in the field of agriculture, through the 
establishment of official administrative 
units supported by appropriations, ento- 
mology has done far less than it should to 
help the farmer profit as he should if he 
used the information entomologists could 
supply. The number of trained specialists 
employed to advise farmers on matters 
pertaining to insects is considerably less 
than the number that deal with activities 
far less complex than those required to 
control insects. 

In January 1948 there were 51 subject- 
matter extension specialists for ento- 
mology, 71 for home management, 70 for 
clothing, 108 for agricultural economics, 
141 for agricultural engineering, 125 for 
dairying and 93 for poultry. Of the 32 
categories of subject-matter extension 
specialists, 17 had a greater number of 
employees than did entomology. Why are 
there so few extention specialists in ento- 
mology? The annual losses insects cause 
to agriculture, through preventing full 
production and protection of agricultural 
commodities, is conservatively estimated 
as amounting to four billion dollars. Ento- 
mologists have developed safe and effec- 
tive ways by which much of this loss could 
be prevented. 

EntromoLogists Have Nor ‘TAKEN 
THE Leap.—More than 20 years ago 
entomologists expressed the opinion—and 
supported it with reasonably satisfactory 
data—that the cotton boll weevil reduced 
the potential yield of cotton by 14 per 
cent each season in the states where this 
pest is well established. Their general 
estimate was accepted and well confirmed 
somewhat later by crop-reporting special- 
ists. Significant as these conclusions were, 
and despite the fact that means were 
available for reducing the tribute paid to 
an introduced pest, little was done about 
it. Entomologists spent considerable effort 
to point out that more research would 
enable them to improve the remedies they 
had developed. They did too little to 
demonstrate that their use would prevent 
waste of energy, cost of seed and fertilizer 
and reduce the uncertainty of a profitable 
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crop that confronted each farmer who 
planted cotton. 

There is no doubt that more research 
should be done. But why did we do so little 
to see that available information was 
utilized to combat the pest? The demand 
for full production of essential food, feed, 
and fiber created by World War II did 
much to focus attention on the benefit 
that would accrue through the control of 
the boll weevil. This demand, however, 
came largely from the cotton industry. 
Entomologists willingly contributed in- 
formation and did much to expand the 
effort. Many, however, are still loath to 
acclaim, or even acknowledge, the con- 
tribution their work made to enable our 
farmers to meet essential production 
goals. The current factual information on 
the occurrence and status of cotton insect 
pests obtained by field observations and 
its use to guide the distribution of insecti- 
cides to places where they were needed 
to do the greatest good did much to make 
production goals possible. Without these 
operations the results would have been 
different. 

Since the beginning of the agricultural 
development in some 24 Midwest and 
Western States, farmers in that area have 
prospered or failed depending in no small 
way on the abundance of grasshoppers. 
The hordes of these pests have been ac- 
cepted like weather. Less than 20 years 
ago many farmers demanded that some- 
thing more than giving advice should be 
done to help them protect their right to 
maintain themselves on land they worked 
to develop. With some reluctance ento- 
mologists helped to develop a cooperative 
program by which this could be done. 
Fortunately that was before the world 
placed such heavy demands on the farmers 
of our country for all-out production of 
essential crops. Good weather and the 
determination to produce were not the 
only factors that made it possible to meet 
production goals. Weather is not the only 
factor that prevented major outbreaks of 
grasshoppers and Mormon crickets in 
recent years. Have entomologists been 
too busy with details to point with a pride 
they may justly have in the contribution 
they made to the welfare of the nation and 
the world? And if so, have they forgotten 
the genesis of the ideas that led to the 
development of the cooperative grasshop- 
per control program? 
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Economists know, perhaps better than 
entomologists, what the codling moth 
meant to the deciduous fruit-growing 
areas of the Pacific Northwest. These 
areas were especially favorable to a pest 
which, when not controlled, made fruit 
production unprofitable. The procedures 
devised by the entomologist for control, 
however, created a problem of marketing 
which for a time was almost as destructive 
as the pest. There is no point in producing 
worm-free fruit unless it can be sent to 
market for the consumers. The part ento- 
mologists played in the coordinated, 
cooperative effort with scientists in other 
fields, including those responsible for 
health safeguards, did much for the econo- 
my of these agricultural areas, and pro- 
vided clean fruit for a hungry world. Did 
our science receive the recognition it 
deserved? The next chapter in codling 
moth control may, if entomologists are 
wise, bring more to their credit. 

Entomologists have long known that 
insects take a heavy toll from the grain 
supply of the Nation and the world. 
But even the entomologist has failed to 
fully appreciate the magnitude of the 
loss. Perhaps this is the reason why ento- 
mologists have not emphasized that part 
of this loss could be prevented. The recent 
unprecedented demand and need for food 
have prompted urgent requests for in- 
formation on how to protect cereal grains 
so that they can be used for the purpose 
for which they were produced. Entomolo- 
gists should take the lead and outline 
procedures for using their know-how to 
assure that this is done, even though better 
ways may later be devised. To be told 
that as much as 60 per cent of the grain 
grown and transported to areas where 
people need it is not suitable for human 
food is distressing. To hesitate to endeavor 
to correct this situation, even in part, is 
folly. 

What entomology contributed to the 
outcome of the last World War, and to the 
health and comfort of the people through- 
out the world, is now rather generally 
recognized. It is a bright chapter in the 
history of our science. We as entomologists 
have long believed that such attainments 
were possible. Now that they have been 
proved, are we, or others, receiving the 
recognition for accomplishments based on 
knowledge of the habits, development, 
occurrence, and means for the control of 


insects? Whatever the answer, we must 
remember that it was the result of co- 
operative effort and that entomologists 
responded to a call. When the insecticidal 
value of DDT was discovered and de- 
veloped it was unknown to the chemical 
industry, and its manufacture required 
materials that were high on the priority 
list. The part industry and those associate | 
with it contributed to control of disease- 
carrying insects is second in importance to 
the basic discoveries. It took the two to 
make the accomplishments possible. 

The foregoing examples of what ento- 
mology has contributed to human welfare 
could be multiplied many times. Many of 
you might select others which are even 
more significan . My purpose in listing 
them has not been to record our attain- 
ments or to provide comfort or satisfaction 
for entomologists. I have something 
entirely different in mind. It is to illus- 
trate how we as entomologists have been 
slow and even failed to put our knowledge 
to work. I am continually impressed with 
the thought that we do not take the lead 
in initiating programs to alleviate the 
losses and annoyances caused by insects 
or in conserving or utilizing beneficial 
insects. Other scientists—and some which 
have less to contribute—do much more to 
see that the knowledge they develop is 
promptly applied. In many cases we have 
waited until others have concluded that 
insects should be controlled or used and 
sought our advice. That we have been 
ready and willing has been to our credit. 
Is that enough? I don’t think so. 

ENTOMOLOGISTS HAVE SPECIALIZED IN 
SPECIALIZATION.—If the foregoing com- 
ments are essentially correct, and I am 
convinced they are, it would seem well to 
inquire into the reasons for this attitude. 
That there is no simple answer is agreed, 
and it is doubtful whether there can be 
agreement on the most important factors, 
Much will depend on what we consider 
entomology to be. 

The class Insecta—and the near rela- 
tives which the public and those who make 
our dictionaries call insects—includes 
more species that have a close or direct 
relation to man than does any other class 
of organisms. This fact adds to the com- 
plexity of the problem. As entomologists 
we have perhaps overemphasized this 
complexity. We have said there are so 
many kinds of insects that only a specialist 
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can distinguish the various kinds. We 
have gone so far as to indicate that being 
an entomologist is not enough. It has been 
said that identification requires a taxonom- 
ic entomologist and more than that—one 
who is a specialist in a limited group. Far 
be it from me to say this is not largely 
true. That it has been overemphasized, 
however, is most certain. 

Field technicians have done excellent 
taxonomic work by accurately identifying 
the grub of the Japanese beetle, thanks to 
more highly refined, painstaking work of 
Boving who discovered and_ pointed 
out the characters that make such identi- 
fication possible. Similarly, field workers 
separate with accuracy two species of 
blow-flies which are so similar in appear- 
ance that they were grouped under one 
name until Cushing and Patton dis- 
covered how they could be distinguished. 
Specialization in the classification and 
identification of insects is essential. To 
think that one has to be a taxonomic 
specialist before he can name insects and 
thus perform taxonomic work in ento- 
mology is a mistake. Biological and control 
work with insects requires taxonomy, and 
where it is well done the operator is an 
applied taxonomist. Should there be such 
a gap between the taxonomic specialist 
and other groups of entomologists? 

The tendency—and even more than 
that—to separate the science of ento- 
mology into various fields of endeavor has 
led to the development within the science 
of lines of cleavage which are neither 
justified or desirable. It was not long ago 
that candidates for employment in ento- 
mology were divided into groups based on 
the type of crop the insects affected. This 
grouping was recognized by the Federal 
Civil Service, and colleges and universities 
arranged their courses accordingly. If 
the problem had to do with the cotton 
bollworm, the candidate came from a 
different background from the one selected 
to work on a problem created by the 
tomato fruitworm, even though the insect 
is the common, cosmopolitan Heliothis 
armigera. It is gratifying that this type of 
specialization in entomology is passing. 
There is still too much of it. We should 
recognize that it is entomology we are 
concerned with, and not segments thereof, 
in our training and employment practices. 
We should develop entomologists, be sure 
they know what the science is and how 
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it is related to and dependent on other 
fields of knowledge. The sooner this is 
done the better qualified will be the 
personnel which is needed to assure that 
entomology contributes what it should to 
the welfare of the world. I do not mean 
that we should not recognize fields of 
interest and aptitudes. This is necessary. 
Overspecialization, however, results all 
too often in loss of perspective. There are 
many cases where specialized knowledge is 
needed. Often, however, this is a clear 
indication that coordinated, cooperative 
effort is also necessary to develop in- 
formation required to get an answer to 
any problem. Such coordinated effort usu- 
ally is needed before knowledge can be put 
to practical use. 

The importance entomologists have 
given to the need for specialization has 
had a very significant influence on the 
development of the science of entomology. 
We have carried our ideas and hobbies on 
specialization too far. Contributions made 
by entomologists during the last World 
War would seem to clearly demonstrate 
that knowledge of entomology rather than 
specialization in a field such as how insects 
affect man or one of his crops, pays the 
greatest dividends. Latta knew little about 
lice when he developed, in markedly short 
order, a new means to kill them on clothing. 
It was his knowledge of insects and how 
they respond to fumigants that made 
this possible. A specialist in lice and insects 
that attack man could not have produced 
the answer in twice the time. 

ConTROLS FoR INsEcts Must Br Prac- 
TICAL AND SAFE.—The tendency of ento- 
mologists to specialize within their own 
science has influenced their attitude 
toward other problems. It has, I believe, 
contributed in no small way to the attitude 
of circumscribing their interests and even 
to the all too frequent expression, ‘The 
job of the entomologist is to determine 
what will kill harmful insects and_ to 
devise ways of using those that are 
beneficial.”’ For an entomologist to have 
such a narrow vision of his place in the 
problems of the world is without firm 
justification. Important as insects are, 
they are only one of many factors which 
play an important part in the affairs of 
man and the world. 

Entomologist’s effort will matter naught 
if what he determines will kill the insect 
cannot be safely used. Ways of using 
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beneficial insects that interfere with 
other essential activities may have no 
more than academic interest. A procedure 
for preventing or removing infestations 
of insects from a cargo of wheat has no 
merit if it will render the wheat unsuitable 
for food or so interfere with delivery to 
the consumer that he starves before it 
reaches its destination. 

Restive as we may be to the restrictions 
that practical usefulness is the “pay-off” 
of our research, entomologists in general 
have long realized that insects had better 
be endured than combatted by devices or 
means that are not practical and safe. 
We were the first to ask the questions— 
what will the use of insecticides do to 
beneficial insects; what will the insectici- 
dal residue do to the productivity of the 
soil; will the material hurt the plant or 
animal; what does the residue on the 
finished product mean to those who con- 
sume it; what does the material or practice 
do to other forms of wildlife; can the 
operator apply the control measures 
without harming himself. Entomologists 
planned the early tests to see what a- 
mount of lead arsenate remained in the 
soil and what effect it had on the normal 
flora of the New England states, before 
recommending this chemical for general 
use for insect control. Entomologists 
initiated and participated in studies to 
determine the effect of paris green on 
fish and to find out whether it could be 
safely used to control mosquitoes. Ento- 
mologists sought the counsel and as- 
sistance of wildlife specialists before 
arsenite baits were widely used to control 
grasshoppers. Entomologists had an im- 
portant part in developing the safeguards 
that should be followed when hydrocyanic 
acid gas is used to control pests on citrus. 
These more recent illustrations of the 
entomologists’ concern about the effect 
control practices may have on _ things 
other than the pest are not new. As long 
ago as 1874, and earlier when paris green 
was being developed for use against the 
potato beetle, tests were made to appraise 
its effect on the plant productivity of the 
soil and even to see if the insecticide 
affected the flavor or interferred with the 
safe usefulness of the tuber for food. 

The first questions the entomologist 
usually asks about a new insecticidal 
chemical are—does it injure plants and 
can it be safely used. Four years ago, 


when we met in this same hotel, ento- 
mologists recommended and urged that 
more be learned about DDT before it was 
used extensively to combat all kinds of 
insect pests. History demonstrates that 
the entomologist has recognized the im- 
portance of determining whether chemicals 
can be safely used to control insects and 
that he has worked with others to provide 
the information needed. It is the exception 
when the entomologist has placed safety 
of use on the same level as how well and 
at what dosage the insect is killed. This 
is the sound attitude. Impatience is no 
excuse for changing it. 

BALANCED COOPERATION NEEDED.— 
The tendency of entomologists to special- 
ize within their own science has influenced 
the approach they have often followed to 
cooperate with specialists in other fields. 
They have often sought cooperation by 
direct contact. Fine as this is, it has meant 
that the cooperators have had the task of 
supporting entomological problems. It has 
also led to the neglect of other factors of 
equal importance. Farm management, 
land planning, marketing procedures and 
outlets, consumer preference, the relation 
to industry and the contribution industry 
must make by providing devices and 
materials have often been neglected. The 
scope of interest and concern has not been 
broad enough to assure that full benefits 
will accrue or that shortcomings will be 
detected. It may be claimed that this is 
not entomology, and if a restricted defini- 
tion is used, this may be correct. It does, 
however, affect entomology, and such an 
answer is not satisfactory nor in keeping 
with what entomologists have done in 
appraising the usefulness of chemicals. 
Even though it may be outside the tech- 
nical definition of the term, I maintain 
that where the primary problem has to do 
with insects the problem is_ basically 
entomological. The field of interest and 
concern of the entomologist should be 
broad enough to include those things 
which directly and indirectly have a bear- 
ing on the eradication, suppression and 
control of noxious insects and on the 
conservation and utilization of those that 
are beneficial. If such a concept is too 
broad, then so is the first objective of 
our Association which is “to promote the 
study and to advance the science of 
entomology.” 

Specialization within the science of 
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entomology is necessary. The field is so 
broad that no one can be well versed in 
more than a small part. But specialization 
must not be used as an excuse for isolation. 
It is a reason for something quite different 
—cooperation. If we look into history, we 
cannot be too proud of our record as 
cooperators. The competitive spirit of 
entomologists has always been well 
marked. The first to describe an insect, 
the first to discover a significant fact about 
how and where an insect behaves or lives, 
the first to demonstrate that material is a 
good insecticide, the first to devise a good 
control device or measure—these are 
expressions familiar to all. It is gratifying 
indeed that they are heard less frequently 
today. I do not mean that competition 
is no longer with us, or that the competi- 
tive spirit should be abandoned. We 
entomologists are still fully aware that 
initiative and competition are dominating 
principles of our Nation. We have, how- 
ever, learned that there is something 
better than to be first—and that is to be 
sure we are right. With this we have 
become better cooperators—but we still 
have a long way to go before we “promote 
the study and advance the science of 
entomology” as we should. We must work 
closer with each other and much closer 
with workers in other fields of endeavor 
that have a bearing on the advancement of 
the science of entomology. 

SPECIALIZATION Has AFFECTED ENTO- 
MOLOGISTS’ RELATIONS WITH Eacu OTHER 

In this appraisal or analyses of ento- 
mology and entomologists I have directed 
attention largely to circumstances that 
have had a bearing on the economic 
development of our science and to factors 
that have contributed to retarding its 
advancement. Many things have been 
omitted, and perhaps some have had 
greater influence than those mentioned. 
If I would add another, it would be the 
reticence to claim membership in our 
profession. This has had a part, but 
perhaps the part is only a segment of the 
over-all lack of confidence and pride that 
would be ours if we saw entomology as a 
whole rather than only a section of the 
field. Our interest in and desire to foster 
specialization have contributed to this 
viewpoint. The same interests and desires 
have influenced the types of organizations 
we have built for exchanging ideas and 
getting acquainted with each other. 
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Specialized and local interests have 
resulted in the development of several 
organizations having avowed objectives 
aimed to foster and improve the science of 
entomology. Practically, however, they 
all including our Association, fail really to 
attain the broad objectives. Entomologists 
have no comprehensive organization. 
There is no agency that really represents 
the science of entomology. If there were 
such an organization, we might by such 
unison have greater confidence in our 
science and do more effectively the things 
we aspire to do. The strength of union has 
long been a cardinal principle of our 
country, and several sciences have found 
that solidarity of purpose can be best 
attained by following the example of the 
Nation. The idea merits careful study and 
scientific appraisal. This is especially 
important now that entomology has 
finally received recognition and there is 
need for the services of entomologists in 
the fields of public health, conservation, 
land management and industry in addition 
to agriculture—the field which first 
recognized its value. 

The establishment of a section of our 
Association to consider matters pertaining 
to medical entomology is an important 
step and indicates how specialized lines 
of interest can be fitted into and made a 
part of the whole. It is gratifying that this 
increasingly important segment of the 
science of entomology has rounded out 
our scope of interest. Other fields of 
interest can well be added so there will be 
full opportunity to consider special in- 
terests within the broader framework of 
the science of entomology. This practice 
should be encouraged and done in a way 
that will be of mutual benefit to all those 
interested in and concerned with ento- 
mology. The science of entomology is 
now strong enough to build an organi- 
zation that will support the tools and 
services necessary for strength and unity. 
There are many things that need to be 
done before we can have a strong, united 
front. Perhaps the most important one 
for us is to acknowledge a weakness of the 
past and recognize that no matter how 
important specialization is it inherently 
fails to accept that development in narrow 
lines of endeavor depend on progress of 
associated segments of the whole. No 
firm foundation for unity can be built on 
a belief that lines of specialization inspire 
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confidence in a brotherhood designed “‘to 
promote the study and to advance the 
science of entomology.” 

We entomologists should broaden our 
interests. We should take the lead in 
demonstrating and devising ways of using 
our knowledge of insects so the world 
will be benefited and not injured by them. 
We should accept more fully that our 
place in world affairs can best be filled 
if we see the problem as a whole— not as 
an entomological segment. If we do this, 
we will work closer together and with 
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others who must help us “advance the 
science of entomology.” We will accept the 
principle that strength comes with union 
and cooperation. We will still accept and 
protect specialization, but we will recog- 
nize its limitations. We will thus develop 
even greater pride in our science. We, the 
members of the two foremost entomologi- 
cal organizations in the world, can do much 
to bring this about. As an individual and 
as a member of both organizations, I 
desire to contribute my bit to attain these 
objectives. 


New Insecticides for Plum Curculio Control—Second Report 


Outver I. Snapp,! U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


Cage tests with certain new insecticides 
that showed the most promise in 1947 
(Snapp 1948) were continued at Fort 
Valley, Ga., in 1948 to obtain further in- 
formation on the effect of these materials 
on plum curculio, Conotrachelus nenuphar 
(Hbst.), and on peach fruit and foliage, in 
comparison with that of standard lead 
arsenate sprays. Two pyrenones and two 
benzene hexachlorides with high gamma- 
isomer content were added to these tests. 
Benzene hexachloride, which appeared to 
he a promising plum curculio insecticide 
in 1946 (Snapp 1947), parathion, and 
toxaphene were also tested in replicated 
large-plot orchard experiments and, in ad- 
dition to other materials, in replicated 
single-tree orchard experiments. Benzene 
hexachloride, parathion, and chlordan 
were tested against larvae in peach drops, 
and parathion against larvae in the soil. 

MaTeriaALts.—Most of the materials 
used in these tests were commercial prod- 
ucts. The proportions of active ingredi- 
ents reported to be in them are indicated 
in the tables and discussion that follow. 

Parathion, hexaethyl tetraphosphate, 
and tetraethyl pyrophosphate are ex- 
tremely poisonous to man and must be 
handled with great care. 

A mixture of zine sulfate, 4 pounds,? 
and hydrated lime, 8 pounds, was used as 
a safener for lead arsenate in each applica- 
tion, and wettable sulfur, 6 pounds, was 


‘ Julius P. Hollon assisted in all experiments reported in this 
paper, 
In this paper all quantities of insecticides are for 100 gallons 
f spray. 


used for disease control in all applications 
2 weeks after shuck-off and 4 weeks before 
harvest in the orchard experiments and in 
some of the cage tests. 

Cace Trsts.—Six series of cage tests 
were conducted from March to July. In 
four of the series the materials were ap- 
plied to peach trees with a power sprayer 
(10 hp.-engine and No. 2 dises in a 3-noz- 
zel spray broom) at a pressure of 300 to 
375 pounds per square inch. In two of the 
series the materials were applied to peach 
trees with a double-acting hand spray 
pump at a pressure of 180 to 200 pounds. 
As soon as the spray had dried, wire- 
screen cages, each containing usually 25 
plum curculios, were then placed over 
treated branches bearing fruit and foliage. 
Each cage had a cloth sleeve, which was 
tied at one end to a limb to hold it in 
place (Fig. 1). For three series of tests, 
which were begun during March and 
April, overwintered curculios, either taken 
from hibernation cages or jarred from 
trees in the orchard, were used. For the 
other tests, which were begun in June and 
July, first-generation curculios were used. 
All curculios were maintained in the in- 
sectary on untreated peach fruit and foli- 
age between the time of collection or 
emergence and use in the tests. The full 
details of these tests will not be given, but 
the results are summarized in the follow- 
ing paragraphs. 

Several of the insecticides gave better 
results against hibernating curculios than 
against those that developed during the 
season. First-generation adults reared dur- 
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Cages used for cage tests to determine the 
effect of insecticides on plum curculio adults. 


Fig. 1. 


ing the current season seem to be stronger 
and more resistant to insecticides. Over- 
wintered adults available for cage tests 
are often weak and easily killed. 

Parathion was very effective against 
both overwintered and _ first-generation 
adult plum curculios. When used at the 
rate of 2 pounds of 25-per cent wettable 
powder, it killed all the adults within 3 to 
4 days after the spraying. At 1 pound it 
killed all the adults within 3 to 6 days. 
The half-pound rate was not quite enough 
for best results against adults. 

Benzene hexachloride, chlordan, and 
toxaphene showed promise in these tests, 
but often were little if any more effective 
than lead arsenate. When compared on 
the basis of approximately equal strengths 
of the gamma isomer in the diluted spray, 
the wettable powder prepared from tech- 
nical benzene hexachloride was much 
more effective than the wettable powder 
or emulsion prepared from benzene hexa- 
chloride having a high gamma content or 
an emulsion prepared from technical 
benzene hexachloride. 

Hexaethyl tetraphosphate and _ tetra- 
ethyl pyrophosphate at the rate of 1 to 
800 gave good immediate kill of adults. 
Previous work, however, has shown that 
these materials have no lasting quality. 

The pyrenones had no effect on plum 
curculio adults. 

Residual Effect of Parathion—Other 
tests were made in which peach trees were 
completely caged to determine the re- 
sidual value of parathion for the control of 
new first-generation adults. These tree 
were sprayed with parathion at the rate of 
1 pound on May 7 just before the insects 
were caged. Twenty-five new first-genera- 
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tion adults that emerged from the soil on 
May 26 and 27 and had done no feeding 
were then introduced into one cage on 
May 27, immediately after spraying, and 
the same number was introduced into 
other cages over sprayed trees 1, 2, and 3 
weeks after spraying. When the tests were 
begun, 25 new first-generation adults were 
also placed in a cage over an unsprayed 
peach tree as a check. The trees were 
jarred at intervals to catch the live cur- 
culios. The results indicated that the 
spray deposits retained a little toxicity 
throughout a 3 weeks’ period, although 
much of it had disappeared at the end of 2 
weeks. 

Additional data on the residual value of 
parathion for the control of plum cur- 
culios were obtained 2 to 30 days after the 
trees were sprayed by caging the insects 
on portions of peach trees at intervals 
after treatment. The beetles used in these 
tests were first-generation curculios that 
emerged between ..ay 19 and June 10, 
and were maintained in the insectary on 
untreated peach fruit and foliage until the 
tests were begun. The results of these 
tests are given in table 1. 

The results of these cage tests with 
parathion were in line with those men- 
tioned earlier. At 1 pound of 25 per cent 
wettable powder little toxicity was left 
after 3 days in one case and after 7 days in 
another. At 2 pounds there was little evi- 


Table 1.—Residual effect of parathion on first- 
generation adults of the plum curculio. 








Days 
PARATHION FROM 
—————— APPLIC A- 

(Pounds of | TION OF Per Cent Mortaity AFTER 
25 Per Cent Spray To Days INpICATED 

Wettable to Caging——————____-_ 
Powder per or Cur- 8to lito 
100 Gallons)  cuULIOos 2 2to5 6to7 14 21 





Sprays Applied on June 7! 


1 3 — 20 20 20 20 
2 3 — 100 
7 - 100 
10 — 92 100 
17 - 48 100 
None (wetta- 
ble sulfur 
applied)? — 4 8 20 20 
Sprays Apphed on July 19 
1 2 —_ 160 
7 0 — 28 28 76 
2 2 _ 100 
7 64 _ 96 100 
22 — 0 12 
None? 0 0 0 12 20 





1 Wettable sulfur, 6 Ibs., added for disease control. 
2 Curculios confined June 7. 
3 Curculios confined July 21. 
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dence of toxicity after 22 days, and much 
of it had been lost by the seventeenth day. 

OrcHARD ExpreRIMENTS.—Large-Plot 
Replicates.—Benzene hexachloride, toxa- 
phene, and parathion were compared with 
lead arsenate in experiments conducted 
under commercial peach orchard condi- 
tions. There were five replications of each 
treatment in a randomized set-up of plots, 
each of which contained 36 trees. When 
the fruit was harvested, all peaches were 
cut open to determine the percentage in- 
fested with the plum curculio. The results 
are given in table 2. 


Table 2.—Results of orchard experiments with 
benzene hexachloride, toxaphene, parathion, and 
lead arsenate on large plots for control of the 
plum curculio on peaches. 








TotaL Per Cent 





NUMBER or In- 
or Drops” FEsSTeD Perr CENT 
TREATMENT! FROM 40 Drops or INFECTED 
——_————— Recorp (April Fruit at 
(Pounds per 100 Gallons) TREES 16-29) Harvest 
Benzene hexachloride wetta- 
ble powder (6% gamma), 4 107 6.5 3.4 
Toxaphene (26.3% wettable 
powder), 4 890 67.4 6.0 
Parathion (25% wettable 
powder), 1 106 24.5 8.4 
Lead arsenate, 2 1,379 81.1 10.4 





1 Lead arsenate used in 3-application schedule—petal fall. 
-huck-off, and 4 weeks before harvest. All other materials used 
in 4-application schedule—petal fall, shuck-otf, 2 weeks after 
shuck-off, and 4 weeks before harvest. 


The most striking differences in the 
data presented in table 2 are in the total 
numbers of peaches that fell from the trees 
receiving the several treatments. Statisti- 
cal analysis shows that there are signifi- 
cant differences between the number of 
drops from the trees treated with benzene 
hexachloride and parathion and the num- 
her from the trees treated with toxaphene 
and lead arsenate, and between all three 
organic materials and lead arsenate. Ben- 
zene hexachloride and parathion are effec- 
tive for the control of the plum curculio 
when the results are measured by the in- 
festation in peach drops. 

A statistical analysis of the data ob- 
tained by examining the fruit at harvest 
shows no significant differences in the re- 
sults from the materials used in these ex- 
periments, except possibly between ben- 
zene hexachloride and lead arsenate (at 
5-per cent level). 

The peach orchard adjoining the block 
of trees used for the orchard experiments 
on large-plot replicates was fogged with 
tetraethyl pyrophosphate from an_air- 
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plane about 2 weeks before harvest. Both 
foliage and fruit were injured. As the same 
type of injury was observed in some of the 
experimental plots, it is possible that the 
drift from the fog may have interfered to 
some extent with the results of these ex- 
periments. 

Single-Tree Replicates—To determine 
whether replicated single-tree plots would 
give results comparable to those obtained 
on replicated large plots for the control of 
the plum curculio, and to be able to test 
more materials for the control of that in- 
sect than is possible in large-plot experi- 
ments, orchard experiments on replicated 
single-tree plots were conducted in 1948 in 
addition to the large-plot experiments. 
Each of nine treatments, involving seven 
insecticides and a check, were replicated 
nine times in a randomized set-up of 
single-tree plots. When the fruit was 
harvested, all peaches were cut open to 
determine the percentage infested with 
the plum curculio. The insecticides used 
and the results obtained were as shown in 
table 3. 

As in the 36-tree plots, the single-tree- 
plot experiments placed benzene hexa- 
chloride first, although in neither case did 
the difference between the benzene hexa- 
chloride and the lead arsenate treatments 
quite reach significance. 

Persistence of Parathion Residues.—To 
determine the persistency of parathion 
deposits and of the residues at harvest 


Table 3.—Results from replicated single-tree 
plots. 





Per CENT 





TREATMENT! oF In- 
a ——— FESTED 
(Quantities Per 100 Gallons) Fruit 


Benzene hexachloride wettable powder 
(6% gamma), 4 lb. a 
Chlordan (47.2% wettable powder), 2b. 25 
Toxaphene (26.3% wettable powder), 
4 lb 


Hexaethyl tetraphosphate, 100%, 1 pt. 29.3 
Parathion (25% wettable powder): 


0.5 pound 23.9 
34.9 

2 27.3 
Tetraethyl pyrophosphate, 1 pt. 19.8 
Lead arsenate, 2 lb. 19.9 
Check (untreated) 35.1 





1 Lead arsenate used in 3-application schedule—petal fall, 
shuck-off, and 4 weeks before harvest. All other materials used 
in 4-application schedule—petal] fall, shuck-off, 2 weeks after 
shuck-off, and 4 weeks before harvest. 
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Table 4.—Analyses for residues of parathion on sample peaches taken from experimental plots 


before and at harvest. Fort Valley, Ga , 1948. 








PARATHION 25% 
WETTABLE 
PowbER 
(Pounpbs 
PER 100 
GALLONS) 


SAMPLING 


Spray Dates DaTEs 


PARATHION RESIDUES (p.p.m. ON 
Torau Wercut Basis) 





Four Weeks 


Before Harvest 








March 22, April 5, 19, 
May 31 


May 31, June 28 1 
0 


March 24, April 8, 


June 8, July 5 
20, June 7 ; 


July 19 July 30 


.03 
.07 


.06 
ll 





1 May be somewhat low for this sample owing to rotten condition upon arrival at laboratory. 


time, a number of analyses were made of 
peaches from both series of field plots.’ 
The samples were composite ones taken 
from all replicates. One set of samples was 
taken 28 days before harvest and another 
at picking time. These analyses were sup- 
plemented by others on peaches from 
trees given a special application 11 days 
before harvest. The results of these 
analyses are given in table 4. 

The residual parathion on the peaches 
4 weeks after spraying was negligible. The 
results of the chemical analysis, as well as 
those of the cage tests, indicate that an 
application closer to the ripening period 
than 4 weeks may be required for best re- 
sults from parathion for plum curculio 
control. In both experiments the rainfall 
in the 4 weeks’ period preceding harvest 
was less than a half-inch. In the cage tests 
the material proved to be so toxic to 
adults that excellent protection to peaches 
from the insect may be expected if there 
is sufficient residual material on the fruit 
throughout the swelling and ripening peri- 
ods (4 weeks prior to harvest). 

TREATMENT OF PeAcH Drops WITH 
BENZENE HEXACHLORIDE, CHLORDAN, 
AND Paratuton.—On April 15 peach 
drops that had been collected the previous 
day were sprayed with benzene hexa- 
chloride, chlordan, or parathion. For the 


1 All parathion-residue analyses were made by the Analytical 
Research Laboratory, American Cyanamid Company, Stam- 
ford, Conn, 


spraying operation, the drops were spread 
out on the ground in a layer one peach 
deep to simulate orchard conditions. After 
treatment they were placed in racks in the 
laboratory for observations on larval 
emergence. An unsprayed lot was placed 
in another peach-drop rack to serve as a 
check. In each case the drops were placed 
only one layer deep in the racks to avoid, 
any fumigating effect from the treatments 
and to prevent molding of the drops. 

Plum curculio larvae began to emerge 
from the drops on April 16, one day after 
the experiment was started, these were 
removed and counted daily thereafter 
until May 12, after which there was no 
further larval emergence from the un- 
treated drops. 

The larvae that emerged from the 
treated and untreated drops were placed 
in separate pupation boxes for observa- 
tions on the effect of the materials on the 
development of adults. Emergence of 
adults began on May 23 and continued 
until June 26. The results of these experi- 
ments are given in table 5. 

Benzene hexachloride and parathion 
applied on peach drops prevented many 
plum curculio larvae from maturing, but 
chlordan was not so effective for that pur- 
pose. It also appears that parathion af- 
fected the larvae that managed to emerge 
from the treated drops. The adults which 
developed from the larvae that emerged 
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Table 5.—Results of tests with peach drops 
(1} peck) treated with organic materials (Drops 
collected on April 14 and treated on April 15.) 








LARVAE 
EMERGED 
FROM Drops Per Cent 
Aprit 16 Becomine 
to May 12 Aputt 


TREATMENT 





(Pounds per 100 Gallons) 





Benzene a (6% gamma): 


727 W7 

8 445 66 

12 391 63 

Chlordan (47.2% wettable powder), 4 1,101 59 
Parathion (25% wettable powder), 2 408 15 
Check (untreated) 813 69 





from the parathion-treated drops were 
also affected by the treatment. 

TREATMENT OF SOIL WITH PARATHION. 
—Parathion was also tested against lar- 
vae in the soil. Sixty-nine per cent of the 
larvae placed in untreated soil emerged as 
adults, whereas only 11 per cent emerged 
from soil treated with parathion (6 pounds 
of 25 per cent wettable powder applied at 
the rate of 1 gallon per 6 square yards of 
soil 5 to 10 days after the larvae had 
entered). About 20 per cent of the treated 
larvae reached the adult stage and man- 
aged to get to the surface but died there. 
Subsequent observations showed that 
there was little if any effect on the lon- 
gevity of the adults that developed from 
larvae in soil sprayed with parathion. 

Errect oF THE NEw INSECTICIDES ON 
Peacu Fruit, Fouiace, AND TREEs. 
Moderate to heavy foliage injury and de- 
foliation were recorded from hexaethyl 
tetraphosphate and tetraethyl pyrophos- 
phate, both at the rate of 1 to 800, and the 
tetraethyl pyrophosphate at that rate 
injured 1.1 per cent of the harvested 
peaches. No injury to peach fruit, foliage, 
wood, or buds resulted from benzene 
hexachloride, 4 pounds of 50 per cent 
wettable powder (6 per cent gamma); 
chlordan, 2 pounds of 47.2 per cent wetta- 
ble powder; toxaphene, 4 pounds of 26.3 
per cent wettable powder; and parathion, 
0.5, 1, and 2 pounds of 25 per cent wetta- 
ble powder. Lead arsenate caused about 
the usual amount of injury. 

The flavor of the ripe fresh peaches was 
not affected by benzene hexachloride, 4 
pounds of 50 per cent wettable powder (6 





Snapp: PLum CurcutLio ConTROL 11 


per cent gamma), applied on March 22, 
April 5, April 19, and May 31, the last ap- 
plication being 4 weeks before harvest. 

SummMary.—In cage tests carried on at 
Fort Valley, Ga., in 1948, sprays of para- 
thion at rates of 1 to 2 pounds of 25 per 
cent wettable powder per 100 gallon of 
water killed 100 per cent of plum curculio, 
Conotrachelus nenuphar (Hbst.), adults 
within 3 to 6 days. This material caused 
some mortality of adults after it had been 
on the trees 3 weeks, although much of its 
toxicity had been lost by the end of 2 
weeks. A wettable powder prepared from 
a technical grade of benzene hexachloride 
seemed more effective than wettable 
powders or emulsions prepared from ben- 
zene hexachloride having a high gamma- 
isomer content. 

In orchard experiments benzene hexa- 
chloride and parathion were effective for 
the control of the plum curculio when the 
results were measured by the infestation 
in peach drops. There were, however, no 
differences between the results obtained at 
harvest with these two materials and 
those from toxaphene. Chemical analyses 
showed that the parathion was not applied 
close enough to the harvesting period for 
best results. 

Benzene hexachloride and parathion 
applied on peach drops prevented many 
plum curculio larvae from maturing, but 
chlordan was not so effective. Parathion 
affected the larvae that managed to 
emerge from treated drops, and it also 
affected larvae in the soil. 

Benzene hexachloride (6 per cent 
gamma) at 4 pounds per 100 gallons ap- 
plied on March 22, April 5, April 19, and 
May 31, the last application being 4 weeks 
before harvest, did not affect the flavor of 
the ripe fresh peaches. Hexaethyl tetra- 
phosphate and tetraethyl pyrophosphate, 
at the rate of 1 to 800, caused foliage in- 
jury and defoliation, and the pyrophos- 
phate injured 1.1 per cent of the harvested 
peaches. No injury to peach fruit, foliage, 
wood, or buds resulted from sprays of 
benzene hexachloride, chlordan, toxa- 
phene, or parathion. Lead arsenate caused 
about the usual amount of injury. 
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Biology of the Plum Curculio in Maine 


F. H. Larurop,! Maine Agricultural Experiment Station, Orono 


The plum curculio, Conotrachelus ne- 
nuphar Herbst, is one of the major pests 
of deciduous fruits in the eastern half of 
North America, from the Gulf of Mexico 
to Southern Canada (Quaintance & 
Jenne 1912, Chapman 1938). The biology 
of the species has been the subject of in- 
tensive research, conducted largely in or 
near the area of maximum infestation, 
from Georgia to Massachusetts and from 
Connecticut to Illinois. 

The study reported here is of special in- 
terest perhaps, because the observations 
were made at Highmoor Farm, Mon- 
mouth, Maine, located near the north- 
eastern limit of distribution of the insect. 

Winter Survivaut.——To obtain the 
adult curculios, infested apples were 


placed in trays over bottomless ground 
boxes. Before the adults began to emerge 
from the soil, the trays were moved, and 
cages were placed over the ground boxes. 
The adults were collected daily as they 
emerged from the soil, and were placed in 


hibernation cages. Each hibernation cage 
consisted of a wooden box 8.5 X 12.5 X5.75 
inches, inside. The top and the bottom 
were closed by 18-mesh, galvanized wire 
screen. Hay and dry leaves were placed in 
each cage for the support and protection 
of the beetles, and apples were supplied 
for food. In the spring a wire screen trap 
was placed near the top of each cage, so 
that the active beetles could not easily 
drop back into the litter at the bottom of 
the cage, when the daily inspection was 
made. 

In the late fall, the hibernation cages 
were placed on a bed of shavings and hay 
about 8 or 10 inches deep, and covered by 
a blanket of hay about 24 inches thick, 
held in place by birch branches. This 
whole artificial hibernaculum was located 
on sod beneath an apple tree. In the fall of 
1939 and again in 1940 a wooden roof was 
placed over the hay, but was not used 
during the other winters. 

In the early spring, soon after the snow 
left the ground, the hay cover was re- 
moved from the hibernation cages, and 
daily observations were started. 


1 The author is indebted to Mr. Fred Kinney and Mr. Arnold 
Pitman, who did most of the field work in this study. 


The data on winter survival are sum- 
marized in Table 1. It is interesting to 
notice that survival ranged from 0.4 per 
cent in the winter of 1940-41 to 30.7 per 
cent in the winter of 1941-42, with an 
average survival of 12.4 per cent over the 
7-year period. 

It seems evident that there is a complex 
of interrelated factors influencing sur- 
vival. Three important factors are the na- 
ture of the hibernation quarters, tempera- 
ture, and precipitation. It was thought 
that the hay cover would give the cur- 
culios optimum protection. Judging by 
the results, however, it seems doubtful if 
survival in the protected cages was higher, 
on the average, than might have occurred 
had the beetles been allowed to seek 
hibernation quarters for themselves. 

In a survey of the influence of tempera- 
ture upon survival, the closest correlation 
was found when the monthly mean mini- 
mum temperatures during December, 
January, and February were considered. 
Sub-average minimum temperatures dur- 
ing this period appeared to be associated 
with sub-average survival (Table 1). A 
glaring exception occurred during the 
winter of 1939-40. Perhaps the roof cover- 
ing that was placed over the hibernaculum 
gave extra protection, and increased the 
percentage of survival that winter. 

The greatest effect of precipitation 
seemed to occur during the period of 
January, February, and March. Precipi- 
tation evidently affected the beetles by 
modifying the moisture present, and also, 
in the form of snow, by modifying the 
protective cover. Whitcomb (1929) in 
Massachusetts stated, “in 1927-28, an 
un..sually open winter, several cages of 
beetles with a 6-inch covering of leaves, 
some exposed and others protected by a 
roof, suffered 90 per cent to 100 per cent 
mortality.” In Maine it was found that 
when sub-average precipitation occurred 
during January, February, and March, 
sub-average survival of the beetles oc- 
curred (Table 1). The greatest deficiency 
of precipitation occurred during the 
winter of 1940-41, and was accompanied 
by the lowest percentage of survival that 
occurred during the 7-year period. When 
the protective covering was removed in 
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Table 1.—Winter survival of plum curculio, Monmouth, Maine. 
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Monrtuty! 
m- NuMBER OF ADULTS Mean Minimum Tora 
to TEMPERATURE PREcIPITATION! 
Placed Emerged (°F.) (INCHES) 
per in in PERCENTAGE OF 
per WINTER cages Spring SURVIVAL Dec.—Jan.—Feb. Jan.—Feb.—March 
an — 
the 1936-37 3271 703 21.5 + 9.14 18.6 +4.44 13.57 +3.424 
37-38 9280 661 y — 5.3 12.6 —1.6 10.09 — .06 
38-39 12090 274 2.3 —10.1 13.3 — 9 10.09 — .06 
lex 39-40 5270 1105 21.0 + 8.6 13.5 —.7 10.53 + .38 
ur- 40-41 9950 41 4 ‘—12.0 14.1 — .l 7.12 —3.03 
cae 41-42 10902 3346 30.7 +18.3 14.8 + .6 12.14 $1.99 
42-43 2907 103 3.5 — 8.9 12.5 —1.7 7.53 —2.62 
ra- Pps 
7-year 
ht average 12.4 14.2 10.15 
1r- 
by ! Calculated from U. S. Weather Bureau records, Lewiston, Maine. 
if @ Deviation from the 7-year average. 
i 
a the early spring of 1941, the cages were severe mortality suffered by the curculios 
ne : observed to be dry. The exceptionally low during Maine winters. 
. E survival probably was due to a consider- EMERGENCE FROM HIBERNATION.— 
, b able degree to actual lack of moisture. Data showing the emergence of the plum 
rl 3 The roof, used for the second time, in curculios from hibernation at Monmouth, 
y 3 1940-41, though not entirely weather Maine, are presented in table 3 and figure 
“a a tight, may have intensified the dry con- 1. The beginning of emergence (0.1%) 
7 dition of the hibernaculum, and therefore varied from April 17 to May 11, and from 
; may have increased the winter mortality 41 days to 20 days before petal fall of 
‘d : of the curculios. McIntosh apples. The completion of 
A My Table 2 shows an average survival of emergence (98%) varied from May 22 to 
‘ 66.9 per cent during three winters at Fort July 12, and from 5 days before petal fall 
” Valley, Goergia (Snapp 1930). The to 43 days after petal fall. The shortest 
na monthly mean minimum temperatures period of emergence was 16 days and the 
z during December, January, and Feb- longest was 69 days, with an average of 
m fe ruary averaged 41.2° F. at Fort Valley, 44 days. 

“4 Georgia, compared with 14.2° F. at Lewis- As might be expected, there was con- 
if fe ton, Maine. Whitcomb (1929) reported an _ siderable fluctuation from day to day in 
- average winter survival of 25 to 40 per the number of curculios that emerged. 
a cent in Massachusetts. Garman & Zappe (1929) found that tem- 
4 The plum curculio usually is a much _ perature and rainfall are important factors 
, a less destructive pest in Maine than it is influencing the emergence of curculios 
* A farther south. The difference probably is from field cages in Connecticut. During 
“ Ps in part the result of the comparatively dry seasons they found rainfall to be 
f © Table 2.—Winter survival of plum curculio in Bermuda grass, Fort Valley, Georgia. 

. = 
a AVERAGE Montuty? 
t Mean Minimum Tora. Precipita- 
t TEMPERATURE (°F.) TION? (INCHES) 
| PERCENTAGE OF _-— 
| WINTER Survivau! Dec.—Jan.—Feb. Jan.—Feb.—March 
" - —_—— 
= 1922-23 73.8 + 6.94 42.93 +1.694 5.58 + .264 
y 23-24 51.4 —15.5 39.96 —1.28 4.72 — .60 
24-25 75.4 + 8.5 40 .83 — .4l 5.66 + .34 
e 3-year 
1 average 66.9 41.24 5.32 
t 
1 i Data from Snapp 1930 (Tables 45, 47, and 48). } 
Calculated from U.S. Weather Bureau records, Fort Valley, Georgia. 
1 ‘ Deviation from 3-year average. 
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especially important. In Maine, similar 
effects were observed. A number of times 
it was noted that rainfal} during the 
emergence period was followed by a dis- 
tinct increase in emergence. The effect 
was not consistent, however, and fre- 
quently variations in emergence were ob- 
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Fic. 1.—Seasonal cycles of the plum curculio at 
Monmouth, Maine. A. Adults emerging from hiber- 
nation. B. Adults of the first brood in the apple 
trees. C. Oviposition, as indicated by the number of 
eggs in apple fruits. D. Larvae leaving dropped 
apples. E. Emergence of second-brood adults from 
the soil. F. Adults of the second brood in the apple 
trees. The data are plotted on the petal-fall scale, 
and the average calendar dates are shown. Except 
for B. and F., the comparative vertical heights of the 
several sections are intended as suggestive only. The 
data represent: A. 7 years, 6244 adults; B. and F. 5 
years, 12378 captures; C. 3 years, 2115 eggs; D. 5 
years, 11959 larvae; E. 6 years, 34189 adults. 


served that could not be explained readily 
as effects of either rainfall or air tempera- 
ture. It seems probable that direct sun- 
light falling upon the hibernation place, 
raised the temperature considerably 
higher than the surrounding air tempera- 
ture. On cloudy days the temperature 
within the hibernation quarters probably 
sometimes remained lower than the tem- 
perature of the general atmosphere. As an 
index to emergence, neither precipitation 
nor air temperature was consistent or ac- 
curate, regardless of whether the records 
were made at the time of emergence or 
during short periods preceding specified 
percentages of emergence (Table 4). High 
correlation was found between cumulative 
emergence and the cumulated daily mean 
temperature and rainfall for a period of 
approximately 30 days preceding any 
given percentage of emergence. Such 
records may be useful in predicting 
emergence, as shown by Lathrop & Dirks 
(1945) for Rhagoletis pomonella. 

The awakening of the curculios from 
hibernation appears to be a somewhat 
gradual process. Probably the beetles re- 
main sluggish for a while, and it is not 
unlikely that they may venture out on 
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warm days in the early spring and return 
to protected places when the weather is 
unfavorable. Such behavior may account 
for the lapse of time between the emer- 
gence from hibernation of a large propor- 
tion of the curculios and their appearance 
in the apple trees. 
«| OTNIBERNATION 
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Fic. 2.—Seasonal cycles of the plum curculio at 

Monmouth, Maine, in 1939. Petal fall of McIntosh 

apples occurred on June 6 in 1939. The average date 
of petal fall is June 29. 


ApuLts In AppLE TrEEs.—To deter- 
mine the numbers of curculio beetles in 
the trees, each year a number of neglected 
apple trees with a good crop of fruit, and 
well infested with curculios were selected 
and were “jarred” periodically. The cur- 
culios were counted and immediately re- 
placed upon each tree. 

As previously noted by other authors 
(Garman & Zappe 1929, Whitcomb 1929, 
Chapman 1938) the curculios begin to ap- 
pear in the apple trees about the time of 
the “pink” blossom stage. Quaintance and 
Jenne (1912) and Snapp (1930) observed 
that beetles sometimes were found in 
peach trees at Fort Valley, Georgia, when 
the temperature was as low as 55° F., and 
“a mean temperature above 60° for sev- 
eral successive days will bring out the 
beetles en masse.” The same relationship 
between temperature and the migration 
of the beetles to the apple trees appears to 
hold true in Maine. The average daily 
mean temperature during the 5 years of 
the study reached 60° 3 days before petal 
fall, just about the time of most rapid in- 
crease in the numbers of curculios found 
in the apple trees (Fig. 1). On the average, 
through the 5-year period, the numbers of 
adults in the trees increased rapidly dur- 
ing late May and early June until a 
broad, comparatively level peak was 
reached in mid-June, about 15 days after 
petal fall. The broad peak continued for a 
period of about 20 days, after which the 
average numbers of curculios jarred from 
the trees declined rapidly through most of 
the month of July. The lowest numbers 
occurred in early August, about 70 days 
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after petal fall, when most of the first 
brood adults had disappeared, and before 
many of the second brood had emerged. 

The adults of the second brood ap- 
peared in the trees as the new beetles 
emerged from the soil (Fig. 1). On the 
average the second brood reached a peak 
in the trees early in September, about 100 
days after petal fall, after which the num- 
bers declined rapidly. 








Table 3.—Dates of emergence of plum curculio from hibernation at Monmouth, Maine. 
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Maine. The samples were brought to the 
laboratory and carefully examined. Rec- 
ords were made of the number of apples 
bearing egg punctures, and the number of 
punctures in each sample. Each puncture 
was examined and the number of eggs 
present at each date was determined. The 
results of the study are illustrated in 
figure 1. During the three years of the 
study, oviposition began as early as May 








Dates! or SPECIFIED PERCENTAGES OF EMERGENCE 


DuRATION 
———— or PERIop 








YEAR 0.1% 10% 30% 50% 70% 90% 98% (Days) 
1937 May 11 May 12 May14 May22 May17 May25 May 26 16.0 
— 20 —18.3 —16.6 —13.2 — 8.4 — 5.4 — 5.0 











1938 May 4 May 22 May26 June 5 Junel2 June27 July 12 69.4 
—26 — 7.4 — 3.5 + 6.3 +13.4 +28.5 +43 .4 

















1939 May 6 May 8 May12 May23 May31l Junel3 June 17 42.6 
—31 —28.4 —24,1 —13.2 











— 5.8 + 7.2 +11.6 





1940 April25 May 4 May18 May26 May31l June 7 June 12 49.0 
—41 —31.6 —17.4 — 9.9 — 4.6 + 2.5 + 8.0 














1941 April27 May 5 May1@ Mayl1l May27 Junel2 June 16 50.6 
5.7 


—25 —16.4 —11.7 —10.2 






1942 April 17 May 4 May 


—34 


April 19 
—31.5 
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é May 19 May 22 36.1 
— 5.2 — 1.4 + 2.1 





Average April30 May 7 May15 May2l May29 June 7 June 13 44.0 
—29.5 —22.3 —15.0 — 8.1 





— 0.8 + 8.8 +14.3 








The numbers of second brood adults in 
the trees averaged considerably less than 
those of the first brood (Table 5). Evi- 
dently many adults of the second brood 
were going into hibernation, even while 
emergence from the soil was in full prog- 
ress. Thus the total numbers of second 
brood adults were not all in the trees at 
any one time. It is interesting to notice 
that the highest peak of adults occurred in 
the first brood in 1941 (Table 5), which 
followed the lowest winter survival 
(Table 1). 

Oviposition.—Data_ on _ oviposition 
were obtained in 1940, 1941, and 1942. 
Samples of from 200 to 400 apples were 
picked about once a week, beginning 
within a few days after the first curculio 
egg punctures were observed, and con- 
tinuing until eggs were no longer present. 
The apples were picked at random from a 
large number of neglected trees scattered 
over a considerable area in Monmouth, 


| The calendar dates are given and also the number of days before (—) or after (+) the date of petal fall of McIntosh apples. 








29 (1942) and as late as June 10 (1940), or 
from 6 days after petal fall (1940) to 12 
days after petal fall (1942). The peak oc- 
curred from June 25 (1942) to July 11 
(1940), or from 36 to 41 days after petal 
fall. Oviposition continued through a 
minimum of 55 and a maximum of 62 
days. 

The number of eggs per 100 apples at 
the peak of oviposition was 62 in 1940, 69 
in 1941, and 31 in 1942. It seems signifi- 
cant that the average maximum tempera- 
ture for 5 days preceding the peak of ovi- 
position was 86.0° F. in 1940, 90.4° in 
1941, and 75.6° in 1942. 

Whitcomb (1933), found that under 
controlled conditions in the laboratory 
the average number of eggs deposited 
“increased in the approximate ratio of 
1:5:9:12 with each increase of 10° from 
55° to 85° F.” The beginning of oviposi- 
tion and the number of eggs present in the 
apples from time to time through the 
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oviposition period do not appear to be 
dependent entirely upon temperature, 
however. The rate of growth and the size 
of the young apples and perhaps the stage 
of development of the curculios probably 
are contributing factors determining the 
beginning of oviposition. The number of 
eggs deposited, of course increases as in- 
creasing numbers of curculios come into 
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Fic. 3.—Daily emergence of plum curculio larvae 
(solid line) from dropped apples at Monmouth, 
Maine, in relation to daily rainfall (dotted line). The 
data represent the average for 5 years, including 
11959 larvae. Notice that the emergence of large 
numbers of larvae in mid-period, and the decreasing 
numbers toward each end, obscures the quantitative 
effects of rainfall. 


the trees then, after the peak of oviposi- 
tion has passed, the number of eggs in the 
apples declines as the number of curculios 
in the trees decreases. The exact effect of 
temperature, therefore, is somewhat ob- 
scured. Nevertheless, a consideration of 
the oviposition records showed an evident 
relationship between temperature and the 
number of eggs present in the apples. The 
effect was most evident rather early in the 
egg-laying period, when the rate of ovi- 
position was rapidly increasing. During 
this time an increase in the 5-day average 
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temperature accelerated the rate of ovi- 
position and a decrease in the 5-day 
average temperature retarded the rate of 
oviposition. The most impressive example 
of the influence of temperature upon ovi- 
position occurred in 1942. In that year, 
the average maximum temperature was 
75.6° for the 5-day period preceding 
June 10, on which date 31 eggs per 100 
apples were present. The corresponding 
temperature preceding June 19 was 65.2° 
and the egg count per 100 apples dropped 
to 23. Had the temperature remained at 
75° an egg count of 45 would have been 
expected. 

Larvae LeavinG FaLLen AppLes.— 
Before the larvae began to leave the fallen 
fruits, the length of time spent in feeding 
varied from about 27 days for the early 
larvae, during June, to about 14 days at 
the peak of larval occurrence, during 
July. To determine when the larvae left 
the fruits, heavily infested, dropped ap- 
ples were collected about once a week, be- 
ginning when few, if any, of the larvae 
had left the apples, and continuing until 
larvae no longer were present in the drops. 
The apples were placed in wire mesh trays 
over cloth bottom boxes, and the larvae 
were collected daily from the boxes into 
which they fell. The study covered the five 
years, 1938 to 1942, inclusive. 

Larvae began leaving the apples be- 
tween June 30 and July 13, or between 34 
and 41 days after petal fall. During any 
one season, the emergence varied greatly 
from day to day (Fig. 2), but over the 
five-year period, the average emergence 


Table 4.—Emergence of plum curculio from hibernation at Monmouth, Maine. Average of daily 
temperatures! for 5 days preceding emergence of 10 per cent, 50 per cent, and 90 per cent. 








1939 1940 


6-YEAR 


1942 AVERAGE 


1937 


1938 


1941 





10 per cent emergence 
38.6 35.8 


48.5 44.3 
58.4 52.8 


43.0 
52.3 
61.6 


Minimum 
Mean 
Maximum 


45. 
54. 
64. 


39. 
51. 
63. 


50 per cent emergence 
47.0 38.8 
57.6 49.7 
68.2 60.6 


Minimum 
Mean 
Maximum 


51. 744. 
62.§ 50. 
74. 57. 


49.4 
53.8 
58.2 


90 per cent emergence 
52.2 50.0 
61.1 57.1 
70.0 64.2 


Minimum 
Mean 
Maximum 


42, 
57. 
68. 


62. 
72. 
82. 


55. 
67. 
79. 


54.8 
66.3 
77.8 





1 Calculated from U.S. Weather Bureau Records for Lewiston, Maine. 
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increased rapidly (Fig. 1) until a sharp 
peak was reached during the last half of 
July, about 55 days after petal fall. Fol- 
lowing the peak, the numbers of larvae 
leaving the drops declined until the end of 
the emergence period. The last larvae 
emerged between August 16 and Septem- 
ber 11, or between 73 days and 102 days 
after petal fall. The length of the larval 
emergence period varied between 32 and 
68 days. 

The larvae emerged from the fallen ap- 
ples during the period when the highest 
average temperatures usually occur in 
this section. Perhaps for this reason no 
very evident effect of temperature upon 
emergence was noted. A striking relation- 
ship between rainfall and larval emer- 
gence was evident, however, as shown in 
Figures 3 and 4. Rains during the emer- 
gence period frequently were followed by 
increased emergence of larvae. 

Garman & Zappe (1929) and Chandler 
(1932) called attention to the sensitivity 
of the plum curculio to moisture condi- 
tions. The close relationship between rain- 
fall and the emergence of larvae from the 
dropped fruits is illuminating and stimu- 
lates interest. Such data are not readily 
placed on a quantitative basis, however. 
The great variation in the numbers of 
larvae emerging at different times during 
the emergence period, 7.e., the small num- 
bers leaving the fruits early in the period 
and late in the period, and the compara- 
tively large numbers during midemer- 
gence, obscures the quantitative effects of 
factors such as temperature and rainfall. 

EMERGENCE OF ADULTS FROM THE SOIL. 

Larvae from fallen apples were collected 
in the cloth-bottom boxes and were placed 
in bottomless soil boxes. In addition fallen 
apples sometimes were gathered and 
placed on wire screen trays so that the 
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emerging larvae could drop directly into 
bottomless soil boxes. Emergence cages 
were placed on the soilboxes in time to 
capture the emerging beetles. Daily ob- 
servations and records of the beetles as 
they emerged from the soil were made 
during 1937 and 1939 to 1942 inclusive. 
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Fig. 4.—The data from Fig. 3, smoothed by means 
of a 5-day moving average, to show the more general 
pattern. 


The record of the 6 years is summarized 
in figure 1. The earliest emergence oc- 
curred on July 20 (1941) and the latest 
date that emergence began was August 21 
(1936). With respect to petal fall, the re- 
spective dates were 67 days (1938) and 83 
days after petal fall (1936). The records 
for the individual years show considerable 
variation in the number of beetles that 
emerged from day to day (Fig. 2). The 
average emergence over the 6 years, 
though somewhat irregular approached 
the form of a normal distribution curve. 
The peak, when 50 per cent of the adults 
had emerged each year, occurred between 
the extremes of August 22 and September 
8, or between 84 and 101 days after petal 
fall. The average date of the peak was 
August 31, or 94 days after petal fall. The 
length of the emergence period varied 
from 36 days in 1940 to 85 days in 1938. 

During four years the percentages of 
adults that emerged from known numbers 
of larvae were determined and are shown 
in table 6. 


Table 5.—Peak of occurrence of adult plum curculios at Monmouth, Maine. 








1938 


1939 


1940 1941 1942 





Ist Brood Peak 
Date June 30 
Days after petal fall 32 
Number captured! 237 


2nd Brood Peak 
Date Aug. 20 
Days after petal fall 83 
Number captured! 99 


June 28 
23 32 29 21 
83 139 268 188 


Aug. $1 
87 106 97 89 
77 171 130 46 


July 6 June 19 June 10 


Sept. 18 Aug. 26 Aug. 17 





' Number of beetles captured in 15 neglected apple trees in 1938, 1939, and 1940; 10 trees in 1941 and 1942, 
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Table 6.—Percentages of adult plum curculios 
which emerged from known numbers of larvae. 








PERCENT- 
AGE OF 
ADULTS 


NUMBER NUMBER 


OF OF 
LARVAE 


YEAR ADULTS 





36.6 
41.2 
50.5 
40.5 


5807 2127 
1940 1912 788 
1941 2634 1330 
1942 893 362 


1939 


Average 42.2 





Because the emergence of adults from 
the soil occurred so late in the season, it 
seemed possible that the emergence might 
be cut short by cold weather before all of 
the adults had emerged, and that larvae 
and pupae in the soil might survive the 
winter and emerge as adults during the 
following summer. In the summer of 1941, 
cages were placed again over the ground 
boxes from which the adults had emerged 
in 1940. Though the cages were kept under 
close observation through the summer, 
not a single curculio was observed in them 
in 1941. 

Neiswander (1948) in Ohio observed 
marked correlation between rainfall and 
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the emergence of plum curculios from the 
soil. In Maine there appeared to be no 
distinct correlation between rainfall and 
emergence. Perhaps during the years of 
the study, rainfall was sufficiently well 
distributed so that lack of moisture was 
seldom, if ever, a critical factor limiting 
the emergence of the beetles. Temperature 
appeared to show more effect than rain- 
fall. In several instances temperatures of 
80° or 85° F. for a few days were followed 
by increased emergence of adults from the 
soil. Even temperature, however, did not 
show any very obvious effects upon the 
numbers of beetles that emerged from day 
to day. 

As the curculio beetles emerged from 
the soil they were placed in hibernation 
boxes with hay and leaves for support and 
protection and supplied with apples for 
food. In nature, these second brood 
beetles fed upon apples for some time be- 
fore going into hibernation, and in Maine 
apple orchards late feeding by the beetles 
caused considerable, though minor, in- 
jury to the fruit. There was no evidence 
of oviposition by the second brood 


beetles. 
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Hibernation of the Plum Curculio in Virginia 
M. L. Boss, Virginia Agricultural Experiment Station, Charlottesville 


For many years recommendations for 
plum curculio control have usually in- 
cluded the burning of woodland and de- 
bris adjacent to peach orchards during the 
winter. Research workers in many states 
have stated that the adult curculios spend 
the winter under leaves and trash in wood- 
land, fence rows, honeysuckle growth, 
pruning piles, along grassy ditch banks, 
etc., and that the burning over of such 
places during the winter months is a valu- 
able supplementary control measure 
(Quaintance & Jenne 1912; Snapp 1928, 
1930, Whitcomb 1932, Hutson 1933, 
Stearns et al. 1935, Woodside 1935, Graham 
1938). Snapp (1930) made observations on 
the hibernating habits of the plum curculio 
in Georgia and found a small percentage 
of the beetles in the first 1-inch layer of 
soil but none in the second, third, and 
fourth 1-inch layers. 

This paper presents data on the place of 
hibernation of plum curculio beetles and 
the value of early spring during as com- 
pared with winter burning of debris 
around the orchard. 

Winter Burninc Versus’ EARLY 
SPRING BurNiNG.—It was observed dur- 
ing the winter of 1936-37 that winter 
burning (January and February) was kill- 
ing few if any plum curculio beetles and 
it was thought that early spring burning 
of woodlands adjacent to the orchard 
might be more effective. Two orchards at 
Crozet, Virginia, which had practiced 
winter burning for a number of years and 
which followed similar spray schedules 
were used in the tests. Orchard A had the 
higher beetle population and it was chosen 
to be burned in the early spring. The burn- 
ing was done at the time the first beetles 
were jarred from the peach trees, or about 
the “pink stage” of bud development 
(late March). The woodland around 
orchard B was burned during the period 
of January to early February. 

Table 1 shows that during 1935 and 
1936 when the debris around the orchards 
was burned during the winter, orchard A 
had the higher beetle population but when 
spring burning was practiced in orchard A 
and winter burning in orchard B during 
the years 1937 to 1942 inclusive, the beetle 


population decreased in orchard A and in- 
creased in orchard B. There was approxi- 
mately a 75 per cent decrease in the beetle 
population in the orchard practicing spring 
burning as compared with the orchard 
practicing winter burning. 

HIBERNATION Stupies, 1937-38.— 
Since spring burning of curculio hiberna- 
tion quarters in 1937 indicated that a 
higher percentage of the beetles had been 
killed than with winter burning it was 
deemed advisible to find out where the 
beetles hibernated. In the fall of 1937 hi- 
bernation cages were placed over grass- 
covered ground and plum curculio adults 
liberated therein. Examination of the 
cages during the winter revealed no beetles 
under the dead grass on the ground sur- 
face. In the spring, however, slightly more 
than 50 per cent of the beetles liberated in 
the cages the previous fall emerged from 
the soil. 

HIBERNATION StupiEs, 1946—-47.—Dur- 
ing the winter of 1946-47, cages which had 
a framework of wood and sides and top 
of 16-mesh hardware cloth were used in 
hibernation studies. The cages were 36 
inches square and had a door to permit 
entrance. The cages were placed over de- 
sired hibernating quarters without dis- 
turbing the soil (Fig. 1). 

Plum curculio adults which had been 
obtained from peach orchards by jarring 
trees late in the summer were confined in 
the cages. In late winter the surface of the 
ground in the cages was examined for 
beetles hibernating on the surface or under 
cover provided. Then, the soil was dug 
from the cages inch by inch. Each inch 
layer was screened through two screens. 
The first was of quaterter-inch-mesh 
hardware cloth and removed the large 
debris but permitted the curculio beetles 
to pass through, and the second was of 12- 
mesh hardware cloth which permitted only 
grains of dirt to pass through. The remain- 
ing soil was carefully examined and all 
beetles hibernating in each inch layer of 
soil recorded. 

Three hibernating cages were used dur- 
ing the winter of 1946-47. Cage 1 was 
placed in dense honeysuckle growth near 
a stream. The soil was moist, covered 
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with dead leaves and other trash, and was 
of the red clay type. Cage 2 was located 
in woods on relatively high ground. The 
soil was very rocky and hard and was 
covered to a depth of one inch with dead 
leaves. Cage 3 was placed over loose soil 
with dead leaves and grass on the surface. 
The soil from cages one and two was 
screened and examined for hibernating 
plum curculio beetles in early March. 
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data. The exact depth at which all of the 
beetles hibernated was not determined as 
extremely warm weather during the mid- 
dle and latter days of February incited 
the beetles to activity and emergence be- 
gan. An examination of the cages on Janu- 
ary 15, 1948, however, showed no beetles 
on the surface. The soil was screened and 
thoroughly examined for curculio adults 
on February 26 and the data obtained are 


Table 1.—A comparison of effectiveness of winter burning and early spring burning of debris 


adjoining peach orchards for plum curculio control 








Orcuarp A 


Orcuarp B 








NUMBER 
or TREE 


YEAR JARRINGS Trees Beetles 


per Tree 


Beetles 
per Tree 


Beetles 


Trees Beetles 





Winter Burning 


23 
98 


8 
47 


1935 
1936 


Winter Burning 
7 
136 


.70 
.58 


10 
86 


2.88 





Total 55 122 


2.22 96 143 .49 





Spring Burning 
57 


40 
25 
40 
36 
20 


1937 
1938 
1939 
1940 
1942 


18 
147 
27 
5 


Winter Burning 
150 
57 
307 
137 
21 


.88 
.73 
77 
91 
.10 


52 
33 
35 
35 
10 


43 
72 
.68 
75 
25 





Total g1 161 254 


.58 165 672 .07 





Cage 3 was used for emergence studies 
and soil thermometers were used to record 
the daily maximum and minimum soil 
temperatures at depths of 3, 6, and 12 
inches during March, April, and May. 
Data presented in table 2 indicate that 
adults of the plum curculio hibernate in 
the soil. No live beetles were found on the 
surface although a number of dead beetles 
were found in the surface layer of leaves 
and trash. The winter mortality averaged 
78.85 per cent. The average depth in the 
moist, red clay soil where the curculios 
were found was 2.52 inches, and in the 
hard, rocky soil 1.58 inches. In the emer- 
gence cage the winter mortality was 39.35 
per cent which indicated that the beetles 
hibernated deeper in the loose soil. 
HIBERNATION StupiEes, 1947-48.— 
cages used during the winter of 1947-48 
were constructed of wood with a top 
covered with hardware cloth and hinged 
for opening. The cages were buried in the 
ground and then filled with the desired 
soil type. Five cages were used. Four con- 
tained different types of soil or surface 
cover and one was used for emergence 


given in table 3. It will be noted that in 
the cage containing hard, red clay soil no 
beetles were found below the 2-inch soil 
layer but in loose soil and sand they were 
found more than 6 inches deep in the 
ground. The winter mortality in the red 
clay soil (46.67) per cent was significantly 
greater than in the sandy soil (21.33 per 
cent). Very few beetles were found in cage 
3 and undoubtedly they had been de- 
stroyed by some predaceous animal. Data 
in table 3 also indicate that beetles began 
emerging earlier from the sandy soil than 
from the red clay soil. The sandy soil was 
generally 2° to 5° F. warmer during March 
and April than the red clay soil which ac- 
counted for the difference in time and rate 
of emergence. 

Plum curculio emergence data in the 
spring of 1947 and 1948 indicate that the 
beetles begin to emerge when the mean 
soil temperature at 3 inches reaches ap- 
proximately 50° F. This temperature was 
reached on April 2, 1947, and the first 
beetles were found in the emergence 
cages the following day. In 1948 the 50° F. 
temperature was reached on February 25 
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and again a few beetles began to emerge 
the following day. Cold weather prevailed 
during the first 2 weeks of March and the 
beetles which had emerged went back 
into hibernation and did not begin to 
emerge again until March 21 when the 


Table 2.—Depth of hibernation in soil of plum 
curculio adults during the winter of 1946-47. 








NUMBER OF 
BEETLES 
REMOVED FROM—! 














Pace oF HIBERNATION Cagel Cage 2 
Dead grass on surface 0 0 
First inch of soil 4 Q7 
Second inch of soil 28 19 
Third inch of soil 9 2 
Fourth inch of soil 7 2 
Fifth inch of soil 1 0 
Sixth inch of soil 0 
Seventh to twelfth inch of soil 0 0 

Total 50 50 
Winter Mortality (per cent) 78.99 78.72 





1 Examinations were made on March 8, 1947. 


mean soil temperature at 3 inches had been 
50° F. for 2 days. 

Discussion.—A_ review of literature 
produced one reference to beetles hiber- 
nating in the soil. It is probable that the 
beetles are able to winter under leaves 
and trash in Georgia where the winter 
weather is mild, but in Virginia and prob- 
ably in states farther north the adults 
need more protection against the cold and 
have acquired a burrowing habit. 

Observations over a period of years indi- 
cate that some plum curculio beetles seek 
hibernation quarters early in the fall. In 
1946 a number of beetles were found on 
August 27 under debris in woods adjoining 
a peach orchard. It appears that as cool 
weather approaches the adults seek cover, 
usually in locations with the most mois- 
ture, such as grassy ditch banks, woods 
cover near streams, ete. At first the beetles 
remain in and under the surface cover but 
as winter approaches they buirow into 
the ground. In the spring when the soil 
has warmed to near 50° F. the beetles 
move up to the ground surface where they 
often remain for several days or a week 
with only their beaks projecting out of the 
soil. As the temperature rises the beetles 
emerge and enter the orchard. Spring 





rains stimulate large numbers of adults to 
activity since the rain warms the ground 
for several inches below the surface and 
it is easier for the beetles to burrow out 
through the moist soil. 

More than 20 years ago the statement 
was made that winter burning of wood- 


Table 3.—Depth of hibernation in soil of plum 
curculio adults during the winter of 1947-48. 








Beeties Removep From—! 





Piace or Hipernation Cage 1 Cage2 Cage 3 Cage 4 








Dead grass on surface 12? 3 1 38 
First inch of soil 26 32 0 12 
Second inch of soil 2 2 1 2 
Third inch of soil 0 1 0 0 
Fourth inch of soil 0 2 0 1 
Fifth inch of soil 0 0 0 0 
Sixth inch of soil 0 0 0 0 
Seventh to twelfth inches of 

soil 0 1 1 6 

Total 40 41 3 , 59 





Winter Mortality (percent) 46.67 45.33 96.00  ,1.33 





1 Examinations were made on February 26, 1948. 
re. — covered with red clay indicating that they had been 
in ground. 
‘ote: Cage 1 contained hard, red clay soil with grass and 
leaves on surface. 
Cage 2 contained loose wood’s earth with dead leaves on 
surface. 
— 3 contained loose wood’s earth with grass on sur- 
ace. 
Cage 4 contained sand with grass on surface. 


lands adjacent to peach orchards was an 
important supplementary control meas- 
ure in plum curculio control and up to the 
present time the same recommendation 
is made. The data presented in this paper 
show that the majority of the adult beetles 
hibernate in the ground in Virginia. The 
hottest fires on the surface of the soil have 
not been sufficient even to warm the 
ground more than an inch deep and no 
beetles have been killed by experimental 
winter burning (January and February). 
From 25 to 40 per cent of the overwinter- 
ing beetles may be killed by delaying 
burning until early spring (late March) 
but such burning is of doubtful value 
since it does not permit any reduction in 
the number of sprays which must be ap- 
plied for plum curculio control. Spring 
burning may be of value as a supplemen- 
tary measure in cases of very heavy cur- 
culio infestations. 

SumMarY.—The majority of the plum 
curculio adults hibernate in the second 
and third inch soil layers in Virginia. The 
beetles do not appear to be able to pass 
the winter under debris on the surface of 
the ground. 

The adult beetles begin to emerge in the 
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spring when the mean soil temperature at 
3 inches has reached approximately 50° F. 
The type of soil influences the time and 
rate of emergence since sandy soils warm 
more rapidly than red clay soils. 
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Winter burning of woodlands during 
the winter is of no value in plum curculio 
control. Early spring burning will kill 
many beetles and may be of value in cases 
of very heavy infestations. 
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Resistance to Basic Lead Arsenate by the Peach Twig Borer 
Within a Small Area in Central California 


Francis M. Summers, University of California, Davis 


About 4 years ago an outbreak of the 
peach twig borer, Anarsia lineatella Zeller, 
developed in peach orchards within a 
small area near Empire, Stanislaus 
County, California. Prior to this time, 
growers in this locality obtained satisfac- 
tory control of the twig borer population 
by the application of two lead arsenate 
sprays. 

Sometime during 1944, the twig borer 
population began to increase in this lo- 
cality. In the three following seasons, 1945 
to 1947, growers of cling peaches sustained 
serious losses on the later varieties such as 
Phillips. The average loss in the affected 
area was estimated to be near 20 per cent 
of the late cling crop, with an upper ex- 
treme of about 50 per cent. Additional 
cover sprays or dustings with lead arse- 
nate provided some relief, but no combi- 
nation of spray or dust treatments with 
this material, up to five applications, was 
wholly effective. 

The persistance of a heavy population 
of the pest despite repeated applications of 
lead arsenate aroused the suspicion that 
the twig borers within this area had ac- 
quired in some degree, an immunity to 
this chemical (Bailey 1948). 

The experiments presented in this re- 
port were performed to test the assump- 
tion that the twig borers at Empire are 


more resistant to lead arsenate than those 
existing elsewhere. 

ProcepurEs.—T wig borer larvae of the 
“May” brood were collected from peach 
or almond twigs in two widely separated 
areas and reared in the laboratory. One 
batch of larvae was taken from young 
peach and almond orchards in the vicinity 
of Empire, in the heart of the area within 
which control with basic lead arsenate 
had been very poor. For comparative 
purposes, another batch of larvae was ob- 
tained from young almond orchards at 
Arbuckle, California. Arsenic sprays had 
never been applied to the trees in these 
orchards. 

Moths derived from the two batches of 
larvae were placed in separate cages and 
provided with bouquets of cut peach 
twigs on which to lay eggs. Inasmuch as 
the timing of the May brood larvae dif- 
fered for the two areas, one batch of 
moths (Arbuckle) began to oviposit sev- 
eral days in advance of the other. The 
daily batches of eggs deposited on the 
twigs were held at room temperature until 
embryogeny advanced to the brown-spot 
stage. They were then refrigerated at 
41° F. and later used in rotation according 
to dates laid. As the experiments were set 
up, the duration of the refrigeration period 
varied from 2 to 15 days; and, when with- 
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drawn from storage, the refrigeration pe- 
riod for the Arbuckle eggs was 5 to 6 days 
longer than for the Empire eggs. While 
differences in this respect may have intro- 
duced a possible source of error, compari- 
sons of the untreated samples do not show 
it to be important for the problem under 
consideration. 

Green Elberta peaches were selected for 
freedom from blemishes and splits. One- 
half of these were set aside for use in the 
control experiments. The rest were dipped 
in continuously stirred suspensions of 
basic lead arsenate. The suspensions were 
made up in concentrations corresponding 
to 1.00, 2.00 and 4.00 pounds of lead 
arsenate (96 per cent active ingredient) 
per 100 gallons of water containing 0.1 
per cent of a spreader.' Individual peaches 
were picked up in a wire cradle and dipped 
in the suspension 4 times in rapid succes- 
sion. The dipped peaches were then dried 
on a wire grid and placed in pans pro- 
vided with glass covers. 

The egg-bearing leaves were cut into 
small pieces, each one having a small num- 
ber of eggs. The pieces were laid on the 
peaches in such a way as to provide about 
5 larvae per fruit. 

Two days after the date of hatching, 
the number of eggs and the number of 
successfully established larvae were deter- 
mined. The presence of active larvae within 
the fruit, or in shallow  scarifications 
showing frass formation and webbing 
over was taken as evidence of success- 
ful establishment. Only about 50 per cent 
of the hatching larvae were able to estab- 
lish on untreated fruits. Practically all of 
these entered the peaches at the stem or 
calyx end. Less than 1 per cent of the 
larvae perforated the intact epidermis. 

Resutts.—The data compiled in table 
1 show that the larvae derived from the 
two groups of moths can be differentiated 
in respect to their susceptibilities to lead 
arsenate. A consistently higher percentage 
of Empire larvae establishing on treated 
fruits indicate that fewer of these than of 
the Arbuckle larvae are susceptible to lead 
arsenate. However, the difference ob- 
tained between the two lots of larvae are 
statistically significant in only 4 out of 
the 5 trials. As determined by a chi- 
square method (Snedecor 1946, p. 194), 
the observed differences between the 


' Vatsol OT. 


Table 1.—Penetration of Anarsia larvae into 
peaches dipped in suspensions of basic lead 
arsenate (July 6 to July 17). 








Source or Morus 





Pounps 


Leap Arbuckle Empire 





PER Number Larvae Number Larvae 








100 Gat- of eggs estab- of eggs _estab- Cur- 
LONS hatched lished hatched _ lished SQUARES 

1 166 11.38% 73 30.2% 8.68! 
0 108 38.0 82 47.6 1.41 
2 152 6.6 127 18.9 8.63! 
0 120 50.0 119 44.5 0.53 
+ 105 2.9 104 34.6 32.62! 
0 107 41.2 91 47.3 0.53 
4 86 12.8 125 20.0 1.393 
0 69 50.7 136 44.1 0.56 
+ 104 2.9 120 12.5 5.73? 
0 77 45.5 101 39.6 3.33 

1P<.01. 

2P=.01—.05. 


numbers of larvae establishing on the 
treated fruits are very significant for the 
first 3 trials, significant at the 5-per cent 
level in the fifth trial, and of doubtful sig- 
nificance on the fourth. 

No distinction can be made between the 
penetration of Arbuckle and Empire 
larvae into the untreated fruits in any of 
the trials. Considering the possible sources 
of variation, the range of percentages ob- 
tained for the controls was surprisingly 
small for samples of this size. 

These data fail to show that mortality 
increased as the amount of lead arsenate 
in the dipping bath was increased. This 
probably relates to the method of applica- 
tion. The method of dipping rather than 
spraying was chosen in the belief that a 
more thorough coverage would be ob- 
tained, especially around the irregularities 
on the depressed calyx ends of the fruits. 
Whether or not the deposit of poison on 
the surface of the fruits increased in pro- 
portion to the quantity added to the 
dipping bath was not determined. 

Discussion.—This experiment tends to 
confirm the assumption already made by 
Empire peach growers that the resistance 
of the peach twig borer populations to lead 
arsenate has increased. The recent out- 
break of this pest at Empire therefore ap- 
pears to have arisen in consequence of this 
occurrence. 

The development of resistance to spe- 
cific insecticides already has been reported 
for a number of insects in field or labora- 
tory studies. The first report in this coun- 
try was that of Melander (1915) on the 
varying susceptibilities of San Jose scale 
to lime sulphur sprays. Quayle (1922, 
1938), Dickson (1941) and Dickson & 
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Lindgren (1945, 1947) made extensive 
studies of HCN resistance on the red scale, 
Aonidiella aurantii (Mask.), in many 
parts of California. Variations in the re- 
sponse of the confused flour beetle, Tri- 
bolium confusum Duv., to HCN were 
recorded by Gough (1939). Arsenic re- 
sistant strains of the codling moth have 
been investigated in detail by Hough 
(1928, 1929, 1934). Differences in the 
tolerance of screw-worms to phenothia- 
zine was noted by Knipling (1942), and a 
laboratory strain of houseflies resistant to 
DDT was developed recently by Lind- 
quist & Nelson (1948). This record of 
resistance of the peach twig borer to lead 
arsenate adds another case in point to the 
growing list. 

Each new instance reported tends to 
emphasize the growing need for more in- 
vestigations concerning fundamental as- 
pects of acquired resistance. The trend in 
insecticide development is, in general, 
towards greater toxicity, and the trend in 
insect control is towards use on an ever- 








Vol. 42, No. 1 





expanding scale. Either or both may prove 
to be potent factors in accelerating the ap- 
pearance of new resistant strains or races 
of insects. Research in this direction may 
yield dividends in the form of methods for 
circumventing those adaptations unde- 
sirable from the standpoint of insect con- 
trol. 

Summary.—It has been found that 
basic lead arsenate no longer satisfactorily 
controls the peach twig borer in cling 
peach orchards near Empire, California. 
After four seasons of failure to hold the 
twig borer in check with two or more ap- 
plications of lead arsenate, the peach 
growers of this area have assumed that 
the twig borer population has developed 
some degree of resistance to this material. 
Evidence which tends to confirm this as- 
sumption was obtained in the laboratory. 
It was found that hatching larvae ob- 
tained from moths collected at Empire 
establish on peaches coated with lead ar- 
senate in greater numbers than do larvae 
from moths collected elsewhere. 
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Paciric Stope BrRaANcH MEETING 


“The thirty-third Annual Meeting of the Pacific 
Slope Branch A.A.E.E. will be held at Grand 
Canyon, Arizona on June 16, 17, and 18, 1949. Head- 
quarters for the meetings will be at the Hotel El 
Tovar.” 
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Oriental Fruit Moth Control with DDT! 


Donatp W. Hamitton, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


DDT was first reported to be toxic to 
the oriental fruit moth, Grapholitha mo- 
lesta (Busck), by Driggers (1944) and 
Carman & Fleschner (1944). Their results 
were later confirmed by Wheeler & La 
Plante (1946). At present most of the 
growers in eastern New York are using 
DDT late in the season—that is, at the 
time second and_ third-brood larvae 
are active—to obtain control of the orien- 
tal fruit moth. Properly applied late- 
season DDT schedules have seemed to be 
more dependable in preventing injury by 
this insect than the parasite program in 
general use prior to the introduction of 
DDT. However, the control obtained has 
not always been so effective as desired, 
and sometimes DDT residues on _ har- 
vested fruit have been high, especially 
when more than two applications were 
made or when the DDT was applied just 
prior to harvest. For these reasons, during 
1948 the author investigated the possi- 
bility of controlling the oriental fruit moth 
with early-season DDT spray applica- 
tions. Late-season DDT spray programs 
were also tested for comparative purposes. 
The objective was to develop a spray 
schedule that would suppress spring-brood 
moths and first-brood larvae to such an 
extent that treatment later in the season 
would not be necessary. The effect of the 
early-season DDT applications on other 
peach pests was also observed. 

Yetter & Steiner (1932) showed that 
oriental fruit moths are strong fliers, pre- 
senting records of flights of marked moths 
up to distances of 6,500 feet. For this 
reason the suppression spray test made 
early in the season was set up in the J. B. 
Rhodes and Son orchard at Warwick, 
N. Y. This consisted of 325 Elberta peach 
trees located some distance from other 
peach plantings. All trees were sprayed 
from the ground with a conventional high- 
pressure sprayer and single-nozzle guns. 
Moth activity was measured by means of 
10 1-quart bait traps in five trees located 
so as to represent trees from all parts 
of the orchard. The bait consisted of 
brown sugar and terpinyl acetate as de- 

' Work reported herein was conducted at Poughkeepsie, 


N. Y., in cooperation with the New York (Geneva) Agricultural 
Experiment Station. 


veloped by Chisholm e¢ al., (1946). Bait 
changes in the two traps in each tree were 
staggered so that a fresh solution was 
placed in one of the traps every 10 days. 

The complete spray schedule used in 
the Rhodes orchard was as follows (quan- 
tities are for 100 gallons) :? May 11, DDT, 
2 pounds plus micronized wettable sulfur 
5 pounds; May 20, DDT 2 pounds plus 
benzene hexachloride 3 pounds plus poly- 
ethylene polysulfide sticker 0.5 pound plus 
micronized wettable sulfur 5 pounds; May 
28 and June 8, DDT 2 pounds plus ben- 
zene hexachloride 3 pounds plus micro- 
nized wettable sulfur 4 pounds; and 
August 11, a dinitro-o-cyclohexylphenol 
salt? 1.25 pounds plus 70 per cent sulfur 
paste 5 pounds. The first application, on 
May 11, was made about the time of petal 
fall. This date coincided with the date of 
peak moth captures for the spring brood, 
the first moths having been captured on 
April 27. The applications on May 20, 
May 28, and June 8 were timed primarily 
for control of the plum curculio, Cono- 
trachelus nenuphar (Hbst). One prebloom 
sulfur spray had been applied by the 
grower before the orchard was taken over 
for experimental purposes. The dinitro 
application on August 11 was for the con- 
trol of mites. 

Twig and fruit injury was recorded 
throughout the season by removing in- 
fested twigs and fruit at 7 to 10-day in- 
tervals from 5 trees adjacent to trees con- 
taining baits in the Rhodes orchard. Ori- 
ental fruit moth injury was recorded at 
harvest (September 9-10) by recording 
visible injury from 300 peaches and in- 
visible injury from 100 peaches from 8 
trees selected at random throughout the 
orchard. Injury was then computed for 
the total crop on the trees. Moth captures, 
twig injury, and control obtained were 
compared in so far as possible with those 
occurring in an Elberta peach orchard on 
the Gerald Layton farm, approximately 2 
miles from the Rhodes orchard, in which 
a late-season DDT schedule had been used 
for oriental fruit moth control. This 


2 Quantities given for DDT and benzene hexachloride are for 
50 per cent wettable powders, The benzene hexachloride con- 
ays per cent of the gamma isomer. 

-111, 















































26 JOURNAL OF Economic ENTOMOLOGY 


schedule included the application of DDT 
sprays on July 1 and 14 for second-brood 
control and of a 5 per cent DDT dust on 
August 4 for third-brood control. Carry- 
over of larvae in the Rhodes orchard was 
lighter than that in the Layton orchard, 
fruit injury in 1947 having been between 
20 and 25 per cent in the former as com- 
pared with at least 40 per cent in the lat- 
ter. 

A comparison of seasonal moth activity, 
as indicated by bait-trap catches, in the 
Rhodes and Layton orchards shows that 
in the Rhodes orchard more than 37 per 
cent of the total number of moths caught 
during the season, or 167, were captured 
before the first DDT spray application 
on May 11, whereas in the Layton or- 
chard less than 17 per cent of the total 
were captured prior to that date. Daily 
moth captures in the Rhodes orchard 
dropped off immediately after the first 
DDT application, and only 12 moths 
were caught from that time to the end of 
the first-brood activity on June 24. First- 
brood moth activity was higher in the 
Layton orchard than in the Rhodes or- 
chard, captures during that period repre- 
senting 58 per cent of the spring-brood 
catch in the former and only 7 per cent in 
the latter. It is believed probable that 
much of this difference was due to the 
effect of DDT sprays on the moth popula- 
tion in the Rhodes orchard. Catches of 
moths through the remainder of the 
season in the Rhodes and Layton or- 
chards were as follows: 














Ruopes LayTon 
OrcHARD OrcHARD 
Per Per 
Cent of Cent of 
Broop Number Total Number Total 
First (June 25-July 25) $1 7 2067 34 
Second (July 26—-Aug. 22) 151 34 836 14 
Third (Aug. 23-Sept.29) 86 19 794 13 





Larvae in the Warwick area began en- 
tering twigs on May 20, and twig injury, 
especially by the first and second broods, 
was severe in most orchards in that area. 
In the Rhodes orchard no injured twigs 
could be found on 5 trees prior to June 28, 
and no injured peaches were observed on 
these trees. Injured twigs from five trees 
totaled 7 for first-brood larvae, 26 for 
second-brood, and 4 for third-brood, or a 
seasonal average of 7.4 twigs per tree. 
Examinations were discontinued on Au- 
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gust 31, because by that time twigs had 
hardened and all larvae hatching after 
that date entered the ripening peaches. 

Infestation records taken at harvest 
time in the Rhodes and Layton orchard 
are given in table 1, together with similar 
data from plots in the Morehouse orchard. 
This orchard, which is located about 5 
miles from the Rhodes orchard, had re- 
ceived a late-season DDT spray schedule 
for oriental fruit moth control. The data 
from the Morehouse orchard cover the 
Elberta variety in a block sprayed on 
July 1 and 14 with 2 pounds and on 
August 4 with 1 pound of 50 per cent 
DDT per 100 gallons. It is of interest that 
less than 1 per cent of the fruit was in- 
jured in the Rhodes orchard, which was 
sprayed early in the season only, and that 
8.9 and 2.7 per cent, respectively, were 
injured in the Layton and Morehouse 
orchards, in which the treatments were 
applied later in the season. 

Observations were made in the Rhodes 
orchard to determine the effect of the 
spray program on peach insects other than 
the oriental fruit moth and on mites that 
attack peaches. Plum curculio control was 
excellent owing to the inclusion of the 
three sprays of benzene hexachloride. 
Only a few injuries were observed and 
these were near one corner of the orchard 
close to a wooded area, Catfaced peaches, 
which are caused by sucking insects early 
in the spring and are present in most or- 
chards, at least to a limited extent, could 
not be found. An occasional peach was 
found that nad been injured by the red- 
banded leaf roller, Argyrotaenia veluti- 
nana (Wlkr.). The percentage of peaches 
injured by this insect averaged 0.26 on the 
eight trees from which harvest counts 
were made. Injury from the Japanese 
beetle, Popillia japonica (Newm.), and 
the peach tree borer, Sanninoidea exitiosa 
(Say), was not enough to be of commercial 
importance. Since neither insect begins to 
emerge before July 1, it is not likely that 
the schedule used would be of value in 
controlling them. 

Both the two-spotted spider mite, 
Tetranychus bimaculatus (Harvey), and 
the European red mite, Paratetranychus 
pilosus (C. & F.), were present in this 
orchard. Two-spotted mites were the 
more abundant and began appearing on 
the lower leaves near the center of the 
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trees about July 9. Populations of these 
mites seemed to build up in this orchard 
earlier in the season than in orchards 
where DDT was not applied prior to 
July 1. Mite populations became severe 
enough so that control measures were 
needed shortly after August 1. The dinitro 
spray applied by the grower on August 11 
reduced them to a low level and kept them 
at such a level the remainder of the sea- 


These lesions later turned brown and the 
centers dropped out, leaving a shot-hole 
effect on the leaves. Leaf drop, which oc- 
curred in some instances, was most severe 
at the time of the third application, 9 days 
after the second. The combination dinitro 
and 70 per cent sulfur-paste spray applied 
on August 11 also caused injury to the 
leaves. This injury first showed up on 
August 17. The terminals and edges of 


Table 1.—Effect of time of application on effectiveness of DDT treatments for oriental fruit moth 

















control. 
Per Cent or PeacuEs | 
AVERAGE | ——_—_———| AVERAGE 
NumBer_ | Wormy NuMBER 
Time or APPLICATION, or Fruits | é a ee 
ORCHARD, AND SCHEDULE | PER TREE | Clean Visible | Invisible | PER TREE 
Early season: | | 
Rhodes—4 sprays 1029 99.3 0.2 0.5 | a 
Late season: | | 
Layton—2 sprays and 1 dust 617 91.1 6.1 2.8 63 
Morehouse—3 sprays 1719 97.3 1.1 | 1.6 | 54 








son. Brown rot control was better than 
that generally secured, possibly because 
of the excellent control of insects that 
cause injuries where brown rot infections 
often start, such as the plum curculio and 
the oriental fruit moth and insects that 
cause catfacing. 

No observations were made relative to 
the effect of either DDT or benzene hexa- 
chloride on the parasites and predators of 
the oriental fruit moth that might have 
been present in the Rhodes orchard. 
Peach orchards in this area, except one or 
two where annual releases of Macrocentrus 
ancylivorus (Rohwer) are made, generally 
have very few parasites. Emergence of 
moths and parasites from twigs and 
peaches collected at 7- to 10-day intervals 
throughout the season in three other ex- 
perimental orchards in the Warwick area 
was as follows: 205 moths and 3 parasites 
for the first orchard, 89 moths and 4 para- 
sites for the second orchard, and 133 
moths and 7 parasites for the third or- 
chard—an indication of low parasitiza- 
tion. 

Spray injury to the foliage was evident 
after the second application on May 20. 
This injury was attributed to the poly- 
ethylene polysulfide sticker included with 
the DDT, benzene hexachloride, and 
Weltable sulfur. Injury first showed up in 
the form of red lesions on the leaves. 


some of the leaves appeared to be 
bleached and later the terminal ends 
dropped off, leaving a bob-tailed effect. A 
few leaves dropped. 

The principal advantages of a heavy 
early-season DDT schedule for oriental 
fruit moth control are as follows: 

(1) Sprays are applied at the time other 
materials are being used for the control of 
brown rot and plum curculio, so that the 
only additional cost is that of the DDT. 

(2) Control of other insects, such as 
plum curculio and those that cause cat- 
faced peaches, may be better than that 
obtained with the usual spray, and brown 
rot may be less serious because of fewer 
insect injuries in the fruit. 

(3) If first-brood control of oriental 
fruit moth is unsatisfactory, additional 
DDT sprays can be applied later, whereas 
if a late-season spray schedule is inade- 
quate, it is too late to apply additional 
sprays. 

(4) Residues of DDT on _ harvested 
fruit are light, as compared with those 
from late-season sprays.' 

(5) Trees can be covered more easily 
when foliage is light and the branches are 
not bent down with fruit. 

The principal disadvantages of a heavy 

1 Analyses by A. W. Avens, New York Agricultural 74 


ment Station, showed that fruit picked at harvest average 
ppm of D as compared with 6.9 and 7.8 ppm on fruit from 


Layton and Moorehouse orchards, 
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early-season DDT schedule are as follows: 

(1) Orchard mites, especially the two- 
spotted spider mite, may build up earlier 
in the season so that special sprays will be 
needed for their control. 

(2) The applications are made _ too 
early to be effective against the Japanese 
beetle and the peach tree borer, so that 
special applications are likely to be needed 
for these insects. 

(3) Since there are four broods of the 
oriental fruit moth each season, sprays 
applied in late May and early June must 
be thorough enough to obtain the degree 
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of control needed to prevent late-season 
increases to serious proportions. 

In orchards that may become reinfested 
with the oriental fruit moth by migration 
from other orchards, especially adjacent 
orchards, careful watch must be main- 
tained for late-season injury, and steps 
must be taken to prevent it if it threatens, 
provided dependence is to be placed on a 
first-brood schedule for control. 

The results reported are for one season 
only, and further investigations are de- 
sirable before final conclusions are made. 
—Kastern Branch Program. 1948. 
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ScIENTISTS AND RESERVE OFFICERS 


The Department of the Army has established a 
program of particular interest to entomologists and 
other scientists who hold Reserve commissions in 
the Army, and who are professionally engaged in 
teaching or research and development. 

The objectives of the program are to: 

(1) Maintain the useful affiliation of entomolo- 
gists and other scientists with the Organized 
Reserve Corps. 

(2) Provide peacetime Reserve assignments for 
these officers, enabling optimum utilization 
of their education, experience and skills. 

(3) Furnish mobilization assignments which will 

fully utilize their talents, and 

(4) Adequately prepare these officers for mobili- 
zation. 

The Technical Services of the Department of the 
Army submit to these Research and Development 
Reserve Groups research problems and _ projects 
which pose an intellectual challenge to members of 
the group. Thus, the program provides members of 
each group a type of training which is in keeping 
with their scientific and technical interests and 
competence, rather than a traditional kind of train- 
ing session in which scientists have little or no inter- 
est. 

The program is now being implemented only in 
those areas where there is a definite local interest. 
To date, eighteen Research and Development Re- 
serve groups have been organized. Twelve additional 
groups are in process of organization. Others are in 
the initial stages of formation. Several of these 
groups have been formed in communities in which 
large universities, industrial research laboratories, 
or private research foundations are located. Typical 


localities are Chicago, Illinois; Wilmington, Dela- 
ware; Newark, New Jersey; Houston, Texas; Wash- 
ington, D. C.; Manhattan and Lawrence, Kansas; 
Champaign-Urbana, Illinois; Pittsburgh, Pennsyl- 
vania; Denver, Colorado; and Detroit, Michigan. 

Provision is made’ to submit research projects of 
interest to all categories of scientists—chemists, 
physicists, engineers, geologists, geographers, psy- 
chologists, mathematicians, and all of the biological 
scientists which will include entomologists. 

Reserve officers who are currently engaged in 
civilian research, college or university teaching, or 
industrial research or development, or who in the 
past have had specific research experience are eligi- 
ble to make application for assignment to an Or- 
ganized Reserve Research and Development Group. 
A group may be organized in any locality where 
there are twenty (20) or more qualified officer 
scientists who desire to participate in the program. 
A subgroup may be organized with ten (10) qualified 
members. 

The program is under the general direction of the 
Research and Development Group, Logistics Divi- 
sion, General Staff, United States Army. The entire 
program is outlined in Department of the Army 
Circular Number 127, dated 5 May 1948. 

Inquiry about organization of an Organized Re- 
serve Research and Development Group or about 
assignment to a group already ath should be 
made of the Unit Instructor, ORC, or of the Senior 
Army Instructor, ORC, in the locality in which 
the officer resides. In localities in which a group has 
already been organized, the Commanding Officer of 
the group will consider applications for assignment 
of additional officers 




























», No. 1 
-season 


nfested 
gration 
Jjacent 
main- 
1 steps 
eatens, 
dona 


season 
ire de- 
made. 


special 
1. JOUR. 
inst the 
‘heir ef- 


as indi- 


» Dela- 
; Wash- 
Kansas; 
ennsy!- 
chigan. 
jects of 
lemists, 
"8, Psy- 
ological 


wed in 
ing, or 
in the 
‘e eligi- 
an Or- 
Group. 
where 
officer 
ogram. 
talified 


of the 
3 Divi- 
entire 
Army 


ed Re- 
about 
uld be 
Senior 
which 
up has 
icer of 
nment 





Red-Banded Leaf Roller Problem in New York 


E. H. Guass and P. J. Cuapman, New York State Agricultural Experiment Station, Geneva 


Harman (1948) summarized the red- 
banded leaf roller situation in New York 
previous to and including 1947. He re- 
ported that normally each year there has 
been a small amount of fruit injury in 
western New York. Minor local outbreaks 
occurred in 1930, 1937-1938 and during 
1946. Serious losses took place in 1947. 
Harman showed that DDT was inferior 
to lead arsenate for red-banded leaf roller 
control. He conjectured that the 1946 and 
1947 outbreaks were permitted by the low 
potency of DDT against this pest and its 
toxie action against parasites and preda- 
tors. 

During 1948, the red-banded leaf roller 
continued to be a serious problem in 
many orchards and became severe also in 
areas not previously troubled. Infestations 
were spotted throughout the state with 
injury common in parts of the Lake On- 
tario fruit district and only somewhat less 
so in the Hudson Valley. Surveys made 
during harvest indicated that the out- 
breaks were not entirely confined to or- 
chards where DDT was used, although 
there was a tendency for infestations to 
begin the year following its first use. 

First brood red-banded leaf roller larvae 
have caused little fruit injury in previous 
years. However, in 1948 first brood larvae 
caused as much as 40 to 50 per cent fruit 
injury on unsprayed trees and commercial 
damage in many well sprayed orchards. 
The larvae fed on the leaves until the 
middle of June. From then on many 
moved onto the fruit, feeding between ap- 
ples and under leaves which they webbed 
to the fruit. The injured areas gradually 
corked over. As the apples grew, they 
frequently became somewhat deformed. 

The second brood larvae fed on leaves 
for more than a month and then, as in 
previous years, many of them moved to 
the fruit. The larvae were found almost 
exclusively on the undersides of the leaves 
until the end of August. During early 
September the larvae became restless and 
were commonly seen crawling about or 
spinning down from the trees. Many 
moved to the fruit and some moved to 
other leaves, feeding on the upper surface. 
rhe migration to the fruit was 2 weeks 
later than during 1947. The second brood 
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feeding areas were the starting point for 
various rots and allowed rapid moisture 
losses. Any second brood injury threw an 
apple out of fresh fruit grade and made it 
unfit for storage. On the other hand, some 
processors were taking injured apples pro- 
vided the injured areas could be peeled 
with not over 5 per cent loss. Many of the 
severely injured apples went for juice or 
were not sold. In orchards where the sec- 
ond brood larvae were abundant, 50 to 75 
per cent of the fruit dropped prematurely 
and a large part of the fruit remaining on 
the trees was also injured. 

Comparisons made with records taken 
in previous years showed the seasonal de- 
velopment of this pest in 1948 was not un- 
usual. Moth flight for the first brood took 
place between the pre-pink and pink bud 
stages and practically all eggs were laid 
before the blossoms opened. Egg hatching 
started at the end of bloom for the apple 
variety McIntosh and continued for ap- 
proximately 2 weeks. Most of the larval 
feeding on fruit occurred during the last 
two weeks of June. Pupation which oc- 
curred during July averaged about 10 day, 
in duration. 

Moths producing the second brood ap- 
peared in mid-July and deposited their 
eggs on the upper surfaces of the leaves. 
The incubation period averaged 10 days. 
Egg hatching began about July 25, reached 
a peak the first week of August and was 
complete by August 20. Larval activity 
continued until the last apples were picked 
in early November. In Western New York 
there were only two broods although a 
partial third one developed in the lower 
part of the Hudson Valley. 

The red-banded leaf roller was found on 
a wide variety of fruit and shade trees, 
ornamentals and herbaceous plants. There 
was no indication, however, that these 
played an important role in breeding high 
populations in apple orchards. During 
1948, parasites, predators and disease 
were not important factors. A few para- 
sites emerged from field collected first 
brood larvae, but not enough to give any 
measure of control. 

An account of 1948 spray schedules and 
spraying methods is given below in the 
discussion of the 1948 control experiments. 
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1948 Controt ExPeRIMENTS.—In New 
York up to 1946, thorough applications 
of lead arsenate in the calyx, 10-day and 
early cover sprays apparently gave satis- 
factory control of the red-banded leaf 
roller. Grower experience in 1948 showed 
that this program was not adequate to 
control first brood larvae during severe 
infestations, and some growers that have 
never used DDT experienced severe sec- 
ond brood damage. Control of the red- 
banded leaf roller in New York naturally 
divides into a first and a second brood 
program. Recent experience shows that 
first brood control alone may not be ade- 
quate to protect the fruit through harvest. 
During 1948 a first brood experiment was 
conducted at Waterport and second brood 
tests were made at Ontario and North 
Rose. Each of these is reported separately. 

Spray Mareriats.—The materials 
used in these experiments were as follows: 

Lead arsenate, 50 per cent DDT wettable 
powder, lime, sulfur fungicide—standard 
brands and grades. 

Chlordan—50 per cent wettable powder." 

Methoxychlor’—50 per cent wettable 
powder. 

Dichlorophenyl dichlorethane’—50 per 
cent wettable powder. 

Tetraethyl pyrophosphate—liquid con- 
taining 25 per cent tetraethyl pyrophos- 
phate and 30 per cent other related phos- 
phates. 

4 Parathion’—25 per cent wettable pow- 
er. 

Petroleum oil—The product used in first 
brood tests met New York specifications 
for a “dormant superior oil.”” For second 
brood a lighter viscosity oil of same type 
was employed.® 

Waterport Pest.—Fruit injury had 
been so severe in 1947 in the Rhode Island 
Greening orchard selected for this test 
that the apples were not sold. The trees 
were large and vigorously growing. Com- 
plete coverage required 35 to 40 gallons 
of spray per tree. The 1948 bloom was 
heavy and fruit set was uniformly good 
throughout. Egg deposition in the spring 
was heavy, uniform and virtually com- 
plete when the pink spray was applied. 
Four rows of trees were divided into plots 

1 Dow Chemical Co. 


3 Rohm & Haas. 

* California Spray Chemical Co. 
5 American Cyanamid Co, 

6 Socony Vacuum Oil Co. 
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ranging from two to eight trees. All 
sprays were applied from the ground with 
a spray gun at 450 pounds pressure, spray- 
ing first from the inside and then around 
the outside. 

The materials used, the spray dates and 
the fruit injury are reported in table 1. 
Magnetic 70 sulfur was used as the fungi- 
cide by the grower in the pink spray and 
in the experimental applications in the 
calyx, 10-day and first cover sprays. Five 
applications of sulfur dust were made by 
the grower between the pink and calyx 
sprays. 

Fruit counts were made from July 6 to 
July 8. The bulk of first brood larval feed- 
ing was over by that time. All the fruit 
from one quadrant of a tree was picked 
and examined for injury. All drops under 
the same quarter of the tree were also 
picked up and examined. Two trees were 
sampled for each plot except for numbers 
9, 10 and 12, where one tree was examined. 
Three untreated trees scattered through- 
out the block were used as checks. 

In scoring the fruit, three grades of in- 
jury were set up: light, moderate and 
heavy, according to the amount of feeding 
on each apple. The light injury probably 
would not be commercial at harvest time. 
The moderate and heavy injuries have 
been combined and are given in table 1 
along with the total of all grades. 

The data clearly show that parathion 
was outstanding. As low as 4.8 ounces of 
25 per cent powder per 100 gallons (equiv- 
alent to 8 ounces of 15 per cent product) 
in two sprays gave virtually perfect con- 
trol. Several higher dosages were tried 
but not counted because the control was 
similar. No foliage injury occurred where 
the 25 per cent material was used at 9.6 
ounces or less in the clayx and 10-day 
sprays. At higher concentrations, para- 
thion caused the leaves to be rolled, 
slightly limp and slightly dwarfed. There 
was no fruit injury even at the highest 
concentration used, 3 pounds of 25 per 
cent wettable powder per 100 gallons. 

Lead arsenate at 3 pounds was only 
moderately effective, and only when used 
in four sprays. It reduced the amount or 
area of the feeding more than the number 
of injured fruit, as indicated by the fact 
that the commercial injury was much Jess 
than the total injury. Increasing lead ar- 
senate from 3 to 6 pounds in the calyx 
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and 10-day increased the control. From 
the lead arsenate series it is apparent that 
this material gave some control of first 
brood larvae when applied in the pink, 
calyx and 10-day sprays but not in first 
cover. 

The excellent control obtained with 
DDT was unexpected in view of previous 


comparable to four applications of lead 
arsenate. Egg masses were taken from 
oil sprayed trees in Plots 11 and 12 and 
from check trees. The egg hatch is given in 
table 2, along with the per cent control 
efficiency calculated according to Abbott’s 
(1925) formula. The high ovicidal action 
of this oil without causing commercial 


Table 1.—First brood red-banded leaf roller control experiments at Waterport, N. Y., 1948. 








Spray Dates 


Fruit Insury 











Commercial Total 
Injury Injury 
First Per Per 
MaTERIAL AND Quantity Pink Calyx 10-Day Cover Per Cent Per Cent 
PLoT PER 100 GALLONS 5/3 5/28 6/9 6/21 Cent Control Cent Control 
1 Lead arsenate 3 lbs. x x x x 3.9 89.2 9.5 77.4 
2 Lead arsenate 3 Ibs. x x x 11.4 68.5 19.1 54.6 
3 Lead arsenate 3 Ibs. x x 21.7 40.0 35.9 14.7 
4 Lead arsenate 3 lbs. x 46.8 0.0 51.8 0.0 
5 Lead arsenate 3 lbs. x x 1.7 95.3 3.7 91.2 
and 6 lbs. x x 

6 Lead arsenate 2 lbs. 
+50% DDT 1 Ib. x x x 12.8 64.7 17.9 57.5 
7 50% DDT 2 Ibs. x x x x 2.8 92.3 4.1 90.3 
8 50% DDT 4 Ibs. x x x x 1.4 96.1 1.6 96.2 
9 25% Parathion 4.8 ozs. x x 0.2 99.4 0.2 99.5 
10 25% Parathion 9.6 ozs. x x 0.4 98.8 0.4 99.0 
11 Petroleum oil 1 gal. x 9.6 73.5 10.6 74.8 
12 Petroleum oil 2gals. x 4.2 88.4 4.8 88.6 
36.2 0.0 42.1 0.0 


13. Check 





experimental work and grower experience. 
Careful analysis of Harman’s (1948) data 
shows that he did not use DDT in his 
tests previous to the first cover spray. By 
this time, the larvae are partially grown 
and well established in webbing. It seems 
likely that DDT in the calyx and 10-day 
sprays is very effective against the young 
larvae, killing them as they crawl from 
the egg masses on the trunks and larger 
limbs to the leaves. Also, in the early 
sprays it is possible to cover thoroughly 
the undersides of the leaves along the mid- 
veins. A combination of DDT and lead 
arsenate at reduced dosages did not show 
any advantage over either one alone. 

_ The use of oil in the pink spray is ques- 
tionable because of possible injury due to 
the combination with sulfur. At the 1 per 
cent level no immediate injury occured, al- 
though about six weeks after application 
there was considerable dropping of the 
smal] primary leaves. A 1 per cent oil ap- 
plied at petal fall caused severe injury. 
It is significant to note that one spray of a 
1 per cent oil gave control of fruit injury 


tree injury at 1 per cent warrants further 
study. If most of the first brood eggs are 
deposited before the pink spray each year, 
a 1 per cent oil would be valuable for use 
in orchards where heavy egg deposition 
had taken place. 

NortH Rose ExpertMent.—A_ uni- 
form block of R. I. Greenings was selected 
to determine the value of various insecti- 
cides against the second brood of the red- 
banded leaf roller. All trees had moderate 
to heavy crop. These rows were divided 
into five blocks. Each treatment was repre- 
sented in each block by a single tree repli- 
cate. Single trees were judged to be suffi- 
cient because most of the eggs were 
deposited before the sprays were applied. 
Examination of the data substantiated 
this point. 

The grower had used lead arsenate 
against the first brood with poor results. 
No effort had been made to cover the 
undersides of the leaves. 

The experimental sprays were applied 
on July 28 and August 9. All plots except 
9 and 12 were sprayed inside and outside 
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from the ground with a spray gun at 450 
pounds pressure. Plots 9 and 12 were 
sprayed from the outside only. 

Fruit injury records at harvest were 
taken using methods similar to those re- 
ported by Newcomer & Dean (1943). For 
each tree records were taken of the num- 


Table 2.—Ovicidal action of oil sprays applied 
in Waterport experiment, 1948. 








Eae PER 





Masses Per CENT 

Spray Ex- CENT Erri- 

Piotr MATERIAL AMINED Hartcu CIENCY 
ll 1% Petroleum oil 168 2.0 97.9 
12 2% Petroleum oil 113 4.3 95.5 
13 Check 161 94.1 0.0 





ber of bushels of picked fruit and the num- 
ber of apples in three representative bush- 
els. Enough apples were taken out of each 
bushel to make a total of 300 apples, which 
were then carefully examined for injury. 
All drops were picked up and examined. 
From these data it was possible to com- 
pute the per cent injured fruit (picked, 
drop or both) and the total number of 
injuries per tree or per 100 fruits. 

The difference between first and second 
brood fruit injury was easily determined. 
Only second brood injuries were recorded. 
In addition to the number of injured 
apples, a record was taken of the number 
of feeding areas. In most cases these areas 
were distinct and each probably repre- 
sented the feeding of one larva. On the 
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checks and some of the poorer treatments 
the apples were almost peeled and the 
exact number of feeding areas was difficult 
to determine. Estimates on some of these 
were as high as 13, a figure in line with the 
number of larvae actually found on some 
dropped fruit. The total number of feed- 
ing areas per tree is thought to be a good 
index of the total number of larvae present 
within the range of 10 to 26 bushels of 
fruit per tree. There was no marked corre- 
lation between the number of bushels and 
the number of feeding areas except on 
trees bearing less than 10 bushels. There- 
fore, the data are expressed as the number 
of feeding areas per 100 apples. 

There was no severe fruit drop in this 
block in spite of heavy injury. The larvae 
did not begin to migrate onto the apples 
until the first week in September and the 
apples were picked about two weeks later. 
Much additional fruit injury and dropping 
probably would have taken place had 
harvest been delayed or if the larvae had 
begun feeding on the apples two weeks 
earlier as in 1947, 

The results of the North Rose experi- 
ment are given in table 3. It is readily 
apparent that methoxychlor, chlordan, 
tetraethyl pyrophosphate have little or no 
value for the control of red-banded leaf 
roller. Chlorinated camphene gave con- 
siderable control, but in view of the fact 
it does not show much value against 
other insects present at this time of year, 


Table 3.—Second brood red-banded leaf roller control experiments at North Rose, N. Y., 1948. 








Seconp Broop 
CoveER SPRAYS 


Frepinc AREAS 
PER 100 Fruits 


Fruit InJurEpD 








Per Per 
MATERIAL AND QUANTITY Per Cent Cent 
PLor PER 100 GALLONS 7/28 =8/9 Cent Control Number Control 
1 25% Chlorinated camphene 3 lbs. x x 11.5 69.3 15.1 77.9 
2 50% Methoxychlor 3 lbs. x x 18.8 49.7 25.1 $2.9 
3 50% Chlordan 2 lbs. x x 32.8 12.3 59.6 12.6 
4 20% Tetraethyl pyrophos- 
phate 1 pt. x x 29.8 20.8 47.7 30.1 
5 60% Dichlorodipheny] di- 
chloroethane 3 lbs. x x 0.1 99.8 0.1 99.9 
6 Lead arsenate 3 lbs. x x 0.6 98.4 0.6 99.1 
7 50% DDT 3 Ibs. x x 9.2 75.4 10.6 84.5 
8 50% DDT 3 lbs. x 24.2 35.3 39.7 41.8 
9 50% DDT 3 Ibs. x re 17.5 53.2 23.4 65.7 
(Tree sprayed from outside only) 
10 25% Parathion 0.5 lb: x x 4.3 88.5 4.8 93.0 
11 25% Parathion 0.5 lb. x $7 79.4 9.6 85.9 
12 25% Parathion 0.5 Ib. x x 4.9 86.9 6.1 91.1 
(Tree sprayed from outside only) 
Check 37.4 0.0 68.2 0.0 
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it will not be considered further. Three 
pounds of 50 per cent DDT gave fair con- 
trol when thoroughly applied in two 
sprays. When used in a single treatment 
or when sprayed from the outside only, 
the control was markedly reduced. Para- 
thion at one-half pound of 25 per cent 
wettable powder in two applications gave 
good control. It is thought that a higher 
degree of control was not obtained be- 
cause the residual action was not sufficient 
to kill late hatching larvae. It should be 
noted that a single application gave al- 


replicated by a single tree in each block. 

Against the first brood, the grower had 
made thorough applications of lead arse- 
nate as follows: 


Pink spray, May 12, 3 Ibs. lead arsenate per 100 gal- 
lons 


Calyx spray, June 4, 4 lbs. lead arsenate per 100 
gallons 

10-day spray, June 15, 3 lbs. lead arsenate per 100 
gallons 

First cover, June 26, 3 lbs. lead arsenate per 100 
gallons 

Second cover, July 15, 3 lbs. lead arsenate per 100 
gallons 


Table 4.—Second brood red-banded leaf roller control experiments at Ontario, N. Y., 1948. 
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most as good control as two and that 
when it was sprayed only from the outside 
of the tree, similar control was obtained. 
Three pounds of lead arsenate gave excel- 
lent control of the second brood, whereas 
control with three pounds of 50 per cent 
dichlorodipheny] dichlorethane was almost 
perfect. 

There was no fruit injury resulting from 
any of the treatments. There was appre- 
ciable foliage injury from the use of lead 
arsenate in the form of yellowing and early 
drop. 

OnrTario ExpeRIMENT.—This test was 
made in a Ben Davis orchard in which all 
trees were quite uniform and were bearing 
a moderate amount of fruit. Six rows were 
selected and divided into five blocks just 
as at North Rose. Each treatment was 


The same equipment and _ spraying 
technique were used in this test as in the 
others. The spray dates were July 29, 
August 10 and August 20. The spray 
schedule for each plot is shown in table 4. 
The same method of taking harvest rec- 
ords was used here as at North Rose. 

The results are given in table 4. In gen- 
eral, the injury in the Ontario orchard 
was lighter than at North Rose even 
though egg deposition was heavy in July 
and early August. It is thought that the 
heavy lead arsenate residues on the under- 
sides of the leaves may have been a factor 
in reducing the second brood population. 
Dichlorodipheny! dichlorethane and lead 
arsenate were again outstanding. ‘Two 
pounds of 50 per cent dichlorodiphenyl 
dichlorethane wettable powder per 100 
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gallons gave as good control as 4 pounds 
and gave the best results in this test. 

In the dosage series of DDT, it can 
readily be seen that two pounds of 50 per 
cent wettable powder is not enough. 
Probably 4 pounds should be used to give 
satisfactory results. It is interesting to 
note that a third application was little or 
no more efficient than two applications. 
Also, two applications made August 10 
and 20 were less efficient than two made on 
July 29 and August 10. The later dates 
correspond with the usual second brood 
codling moth sprays in New York and may 
account for in part the poor control of 
the red-banded leaf roller obtained with 
DDT in previous years. Also of impor- 
tance may have been poor coverage. 

Parathion again gave good control but 
inferior to lead arsenate and dichlorodi- 
phenyl dichlorethane at the strengths 
used. It should be noted that one applica- 
tion was as effective as two. Plots 12 and 
13 show that exact timing is not essential 
with parathion. Larvae in the early in- 
stars are readily killed even though under 
webbing. ' 

A 1 per cent oil in two applications gave 
a considerable degree of control. However, 
it could not be considered commercial in a 
severe infestation. Although no foliage in- 
jury occurred in these tests, the possibility 
of sulfur-oil injury is always present. The 
finish of the apples treated with oil was 
dull compared to other treatments. 

Discussion.—Previous to the advent 
of DDT and its widespread use in apple 
orchards in New York during 1946 and 
1947, most growers applied lead arsenate 
in several thorough applications to check 
serious codling moth damage. The data 
obtained in 1948 show that such a program 
would probably check and nearly elimi- 
nate any second brood leaf roller infes- 
tation that might carry over to the follow- 
ing year to give serious first brood injury. 
DDT was so effective against codling 
moth that the growers tended to ease off 
on thoroughness and frequency of applica- 
tion. In general, DDT was not used until 
the first cover spray or about the middle 
of June. The data show that applications 
of two pounds of 50 per cent DDT wet- 
table powder per 100 gallons as commonly 
applied in a codling moth program would 
not give adequate control of the red- 
banded leaf roller. Also, the two applica- 
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tions of lead arsenate made by most grow- 
ers in the calyx and 10-day sprays would 
not be very effective against this insect in 
the first or second brood. This lack of any 
effective chemical control plus the prob- 
able reduction of parasites is thought to 
account for the severe infestation in New 
York. 

Although a lead arsenate program used 
regularly should give adequate control, it 
has several disadvantages. Frequent and 
thorough applications cause considerable 
foliage injury on some varieties and would 
give residues over the official tolerance. 
Furthermore, it would not give adequate 
codling moth control in many orchards. 
Many growers experienced considerable 
injury from this pest in 1948 with a lead 
arsenate program after 1 or 2 years of 
successful control with DDT. Spiking 
lead arsenate sprays with DDT would be 
expensive. For the future, a DDT pro- 
gram for codling moth control plus the 
addition of dichlorodipheny] dichloreth- 
ane or parathion in one or more sprays 
is indicated. 

SumMArY.—The seasonal development 
of the red-banded leaf roller for 1948 is 
reported. It is shown that 1948 was prob- 
ably not unusual. This pest was again 
serious in many apple orchards along 
Lake Ontario and also in the Hudson 
Valley. Unlike previous years, the first 
brood larvae caused severe injury to the 
fruit. 

Control studies against first brood 
showed that parathion was outstanding, 
giving excellent results at strengths as low 
as four ounces of 25 per cent wettable 
powder per 100 gallons. It was also found 
that DDT at 2 and 4 pounds of a 50 per 
cent powder per 100 gallons applied be- 
ginning in the pink spray was very effec- 
tive. Lead arsenate was less effective 
against first brood than DDT. A 1 per 
cent superior oil applied in the pink spray 
gave control comparable to four applica- 
tions of 3 pounds of lead arsenate. 

Against second brood red-banded leaf 
roller, chlordan, methoxychlor, tetraethyl 
pyrophosphate were found to be worthless. 
Chlorinated camphene gave fair control. 
DDT at 3 pounds of 50 per cent wettable 
powder per 100 gallons in two applications 
gave fair control when properly timed 
and thoroughly applied. Parathion gave 
similar control with a single application. 
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Proper timing was shown to be less im- 
portant with parathion than DDT. Lead 
arsenate at three pounds and 50 per cent 
dichlorodiphenyl! dichloroethane wettable 
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powder at 2 pounds per 100 gallons gave 
the greatest reduction of second brood 
fruit injury. 


LITERATURE CITED 
Abbott, W. S. 1925. A method of computing the effectiveness of an insecticide. Jour. Econ. Env. 18: 


265-7. 


Harman, S. W. 1948. Red-banded leaf roller control in western New York in 1947. Jour. Econ. Env. 


41: 210-2. 


Harman, S. W. 1948. The red-banded leaf roller as an apple pest in New York. N. Y. State Agr. Expt. 


Sta. Bul. 733. 


Newcomer, E. J., and F. P. Dean. 1948. Experimental methods in making orchard tests for codling 


moth control in the West. U.S.D.A. ET-215. 





The Omnivorous Leaf Tier in California! 


Wooprow W. Mippiekaurr, University of California, Berkeley 


This insect, which is commonly known 
as the omnivorous leaf tier, has long been 
recognized as an economic pest in Europe 
having been described in 1811. It was first 
discovered in the United States tunneling 
into strawberries and Dutch iris in Oregon 
in 1929. In 1934 it was reported from 
Washington (Edwards et al. 1934) with 
some account of its habits. 

In the latter part of April 1948, Mr. 
J. J. McNamara, the farm advisor of San 
Mateo County, California, notified the 
author that small lepidopterous larvae 
were doing considerable feeding in a flax 
field near Palo Alto, Santa Clara County. 
Examinations of three fields in that area 
revealed the presence of the omnivorous 
leaf tier, Cnephasia longana (Haworth), 
in all fields examined. In adjacent San 
Mateo County, where considerable flax 
is grown, one field was found with a very 
light infestation. A very reliable and ob- 
servant flax grower in the Pescadero area 
of San Mateo County informed the author 
that he has observed similar injury on 
flax continuously since 1942. 

This insect received its common name of 
omnivorous leaf tier because of the char- 
acteristic leaf tying habit and cosmopoli- 
tan tastes of the larvae which according 
to Edwards and Mote (1936) involve 29 
common plants belonging to 12 plant 
families. Some of the more important re- 
corded hosts are, without attempting to 
enumerate in order of importance,— 
strawberry, Dutch iris, flax, peas, wheat, 


' Presented June 16, 1948, at the Vancouver meetings of the 
Pacific Slope Branch, American Association of Economic Ento- 
mologists. 





Fig. 1.—Flax plants infested with larvae of Cnepha- 
sia longana (Haw.) showing typical distortion. 


hops, filbert, clover, vetch, cultivated 
flowers, and alfalfa. 

In addition to the hosts listed by Ed- 
wards and Mote, the larvae have been 
collected in San Mateo County from 
gladiolus by the author in 1947, and from 
batchelor button, marguerites, heather, 
and calla lily by Mr. I. J. Campbell in 
1948. The presence of the omnivorous leaf 
tier on cultivated flowers in the center of 
an extensive floriculture area is very dis- 
turbing, especially since no control meth- 
ods are as yet known. 

When the first extensive survey was 
made on April 20, 1948, approximately 
30 per cent of the flax plants in the Palo 
Alto were found to be infested. At this 
time the flax was just coming into bloom 
and many of the larvae were in the fourth 
and fifth instars. The injury on flax is very 
characteristic and consists of webbing and 
feeding on the tender terminal leaves 
which bend over and cease growth (Fig. 
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Fic. 2.—Full growth larvae of Cnephasia longana 
(Haw.) showing characteristic markings. (4). 


1). The plant then compensates by send- 
ing out lateral shoots below the injury 
which results in a shortened stubby plant. 
The flowers and young pods are also at- 
tacked. Since flax in California is grown 
only for seed and not for fiber, it is felt 
that a light infestation would not mate- 


Vol. 42, No. 1 


rially reduce the seed yield because of the 
additional lateral shoots which flower 
and produce seed. 

On April 26, 1948, the Palo Alto fields 
were again examined and at this time 
many of the larvae had matured (Fig. 2) 
and left the plant for pupation. Larvae 
were collected for laboratory rearing by 
sweeping the plants with an insect net, 
averaging two larvae per sweep. No pupae 
were collected by examination of plants, 
in soil samples, or by sweeping on this or 
subsequent surveys. This species is re- 
ported in the literature to pupate within 
the nest. 

Larvae which were collected on April 
the 20th and placed in rearing cages in 
the laboratory began pupating April 24 
and the first adults (Fig. 3) appeared 9 
days later on May 3. No difficulty was ex- 
perienced in rearing numerous adults. By 
May 6 many of the larvae had left the 
plants for pupation and 200 sweeps yielded 
178 fully grown larvae. 

No parasites were recovered from the 
larvae brought into the laboratory. In 
some localities in Oregon, parasitism has 
been observed to reach approximately 20 
per cent. 





Fic. 3.—Adults of Cnephasia longana (Haw.): left, male; right, female. (3). 
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Life History and Control of the Orange 


Tortrix in Oregon! 


R. G. Rosenstie.? 


The orange tortrix, Argyrotaenia citrana 
(Fernald) is normally a minor greenhouse 
pest in Oregon. In June of 1947 it ap- 
peared in Oregon fields in serious numbers 
on raspberries, Boysenberries and black- 
berries. The growers applied DDT rather 
generally but the infestation continued 
and entomologists were called on for as- 
sistance. 

The orange tortrix was described by 
Fernald, 1889, who placed it in the genus 
Tortriz. He received specimens from 
Coquillett who had reared them from 
oranges in California. Fernald also re- 
ceived specimens from Solidago and wil- 
low. In 1894 Coquillett reported the 
tortrix as burrowing into green oranges in 
California. He first received specimens of 
the pest in May 1885. He found the tortrix 
also on apricot, oak and wild walnut. In 
1910 Quayle reported the tortrix to be in- 
juring oranges and numerous greenhouse 
plants in California. He briefly described 
the eggs and larvae and the injury. 
Basinger & Boyce used cryolite as a con- 
trol measure in 1936. In the same year 
Lange (1936) reared the insect and found 
2 generations annually on Monterey pines. 
He found 5 larval instars but did not give 
the head capsule diameters. In 1938 
Basinger did some important work on the 
biology and economic importance of the 
tortrix. He reviewed the literature and 
gave a long host list which he considered 
incomplete. He found two broods in the 
areas distant from the coast of southern 
California while along the coast the 
broods overlapped. The larval instars 
varied from five to seven or more. He 
recorded four important Hymenopterous 
parasites. Freeman revised the taxonomy 
of Argyrotaenia citrana in 1944 and gave 
its distribution as from California, on 
citrus, to British Columbia, in green- 
houses. In 1947 Boyce & Ortega distin- 
guished the work of the tortrix on oranges 
from that of other Lepidoptera and 
worked out seasonal control measures 

1 Published as Technical Paper No. 551 with the approval of 
the Director of the Oregon Agricultural Experiment Station. 
Contribution of the Department of Entomology. 
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with cryolite on different varieties of 
oranges. 

The history of the orange tortrix in the 
Pacific Northwest has been short. Dr. 
Webster? tells of the work of Mr. W. W. 
Baker* who reported that orange tortrix 
larvae were found on raspberries near 
Seattle in 1932 but the first adult was not 
reared and determined until 1938. Since 
the last date orange tortrix larvae have 
occasionally infested raspberries, Logan- 
berries and evergreen blackberries on 
Vashon Island and in the Puyallup region 
of Washington. Other Washington hosts 
of the tortrix are cultivated grapes, 
Oregon grape and numerous greenhouse 
plants. 

In the first report of the orange tortrix 
in Oregon, Zeller & Schuh, 1944, it was 
stated to be a general feeder in green- 
houses and occasionally on cane berries in 
the Willamette Valley. In 1947 the tortrix 
appeared on Oregon cane berries in the 
northern Willamette Valley and continued 
to be serious in 1948. So far as known the 
distribution of the orange tortrix is limited 
to the western parts of the states of 
Washington and Oregon and to Cali- 
fornia. 

In Oregon the larvae overwintered from 
mid-September to mid-March in different 
sizes beneath leaves caught on thorns of 
berry canes and in cane galls. On rasp- 
berries the overwintering larvae were in 
small cavities just below the buds on the 
canes. The larvae did a little feeding on 
warmer winter days on the outer green 
surface of the canes beneath their dead 
leaf shelters. The leaf-covered portions of 
the cane surfaces were green while exposed 
cane surfaces were brown during the 
winter. The feeding caused irregular 
brown stripes to appear on the surface of 
the canes but did not seriously injure 
them. The larvae spun a slight rough 
silken web around their wintering place 
beneath the leaves which served further 
to fasten the dead leaves to the canes. In 
March the larvae left their shelters and 

$ Personal communication, 1948. 


4 Member of the USDA, Bureau of Entomology and Plant 
Quarantine. in 1932. 
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fed on the developing buds and leaves. 
They ate out the inside of the buds and 
often destroyed three or four before they 
found a partially developed leaf to feed on. 
They pulled the edges of the tender leaves 
together and then fed between the pro- 
tecting surfaces. The larvae ate tender 
terminal foliage and flower buds until the 
berries were ripe and then some of the 


Table 1.—Orange tortrix trap results in 1947. 








Av. Morus PER 
Day per Trap 





No. Fe- 
ATTRACTANT Traps males Males 
Oriental fruit moth bait 25 0.03 


Jap beetle liquid bait (geraniol) 

Jap beetle solid bait (geraniol) 

Blackberries crushed +yeast 

Kerosene lantern trap 

Gasoline lantern trap 

Codling moth bait 

Apple juice+yeast 

Peach juice +yeast 

Boysen juice +yeast 

Blackberry juice +yeast +sucrose 

Blackberry juice +sodium benzoate 

Honey 5% in water 

Water only 

Peach juice +yeast +sucrose 

Peach juice +sodium benzoate 

Molasses 1 pt.+H.0 4 pts. 

Ethy] alcohol 5% in H.O 

Methy] isobutyl ketone 5% in water 

Secondary butyl] alcohol 5% in water 
r—fresh 
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large and small larvae bored into the base 
of the berries and fed on the fruit tissue. 
They generally spun a small amount of 
silk behind them so that the calyx of the 
berry or a nearby leaf was fastened over 
their entrance hole. The larvae have been 
found in blackberry, Loganberry, Young- 
berry, and Boysenberry foliage and fruit. 
They have not been found in red rasp- 
berry fruits but get into the picking boxes 
accidentally in harvesting. The larvae 
drop on a silken strand when they are dis- 
turbed and the pickers contact the silk as 
they pick the raspberry fruit. 

The broods overlapped so that all stages 
were present in the fields during the sum- 
mer. The pupae were usually found in 
webbed leaves of the cane berries but 
sometimes they were in fruit or in tangled 
debris in the twig axils or among dead 
leaves on the ground. 

The tan-colored adults were crepuscular 
and flew along the berry rows from 8 to 11 
P.M. On warm summer evenings when the 
air was stil]. They were slightly attracted 
to gasoline or kerosene lantern traps as 
shown in table 1. The light traps and baits 
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were used in attempting to determine the 
timing and number of broods of moths. 
They were distributed evenly through 
the fields so that their effects did not 
overlap. 


Table 2.—Chemical tests on the orange tortrix 
applied July 30. 








Worns per Crate OF BERRIES 











August Av. 
per cent 
TREATMENT 4 ll 18 control 
None 2.8 i ae — 
Rotenone—3% dust 1.8° €29 14 67.7 
Dichlorodipheny] dichloro- 
ethane—5% dust 0.0 0.0 0.27 95.4 
Cryolite—40% dust 
(36% Na:AlFs) 0.64 0.38 0.33 94.4 
one 2.9 1.8 3.6 _ 
DDT—4%—dust plus sulfur 
85.5% 1.0 1.3 3.0 49.1 
DDT—5% dust 6. 3.6 4.7 71.1 
None 2.1 0.76 0.6 — 
Light medium oil emulsion'— 
3% spray Ss 1.4 1.2 79.6 
50% DDT 5 lb.—100 gal. plus 
3% oil emulsion! spray 42 0.9 2.8 61.0 
None 6 3.1. 4.0 _ 








1 The light medium oil emulsion was 87% oil with a U.R 
of 92%. 

The oriental fruit moth bait consisted 
of 147 pounds liquid diamalt, 2 pounds 
terpinyl acetate, 9 ounces bentonite and 
12 ounces sodium benzoate in 300 gallons 
of water. The codling moth bait was 
molasses—1 pt. sodium benzoate 0.2 per 
cent and water 10 pts. A pint of liquid 
was used in each bait pot and in some 
cases, indicated in table 1, a gram of 
baker’s yeast, a teaspoonful of sucrose or 
a quarter gram of sodium benzoate was 
added to the bait. The bait traps were 
quart-size asphalt and cloth florist pots 
which were suspended from the canes by 
wires. Each light trap had a tin hood 
around its top and a tin funnel beneath 
the lantern. The moths flew to the light 
and some of them dropped through the 
funnel into a pint jar containing carbon 
tetrachloride in absorbent cellucotton. 
Each evening’s catch was removed and 
counted on the following morning. Table 
1 shows that,the light traps caught mostly 
male moths. In the preliminary trap and 
bait study none of the attractants was 
consistent enough to use in determining 
the brood populations. 

Preliminary chemical control studies 
were made in July and August in the 
vicinity of Gresham, Oregon. Basinger & 
Boyce, 1936, found cryolite very effective 
in California in controlling the tortrix on 
oranges so it was included in the early 
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tests reported here. The early Oregon field 
tests were carried out on Himalaya black- 
berries thoroughly infested with orange 
tortrix in all stages. A power duster with 3 
nozzles on each side was used to apply the 
dusts at the rate of 50 pounds per acre. 
Sprays were applied at a pressure of 250 
pounds with a power take-off orchard 
type spray machine. The sprayer had one 
nozzle directed upward and one down- 
ward on each side of the machine. About 
150 gallons of spray per acre was applied 
evenly in each application. In measuring 
the effect of the chemicals the worms in 
the crates of picked fruit in each treated 
row were counted. Each treatment was 
isolated by one or more rows of untreated 
buffer plants. Per cent control was based 
on the average number of worms in the 
untreated rows compared with the respec- 
tive treated rows. 


Table 3.—Chemical tests on the orange tortrix 
applied August 7. 








Worms per CRATE 








or Berries 
Av. 
August per cent 
TREATMENT ll 18 control 

None 2.1 2.0 — 
Rotenone—1% dust 0.37 1.2 64.7 
Chiordan—5% dust (CioH;Cls) 0.25 2.0 41.1 
None 0.25 1.0 
Dichlorodipheny] trichloroethane 

—5% dust 0.1 0.0 100.0 
None 2.8 0.9 _ 
5%—dichlorodipheny] trichloro- 

ethane 4 lbs.—100 gal. plus 1% 

light med. oil emulsion spray 0.73 3.12 8.2 
5%—dichlorodipheny] trichloro- 

ethane 8 Ibs.—100 gal. plus 

wetting agent'—spray 3.1 0.6 82.3 
None $3.7 9.7 — 





1 Tergitol penetrant 7 was used at 6 ounces per 100 gallons as a 
wetting agent. 


Table 2 showed the chemicals dichloro- 
diphenyl! dichloroethane and cryolite to 
be very effective. No leaf or berry injury 
was found throughout the trials in 1947— 
48. An average of 13.6 crates of berries 
was picked per row Aug. 4, 9.1 on Aug. 11 
and 6.3 on Aug. 18. The per cent control 
in table 2 was based on Aug. 18 data com- 
pared to the average of the untreated 
plots. 

A second series of chemical control 
tests was carried out on another field of 
blackberries. This test was carried out 
just as the first one except that there were 
fewer berries on the plants. An average 
of 7.3 crates per row were picked Aug. 11 
and 4.3 on Aug. 18. Per cent control in the 
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second table was based on Aug. 18 data 
compared to the untreated plot average. 

The 5 per cent dichlorodiphenyl tri- 
chloroethane dust was again very effective. 
This strength was all that was available 
for use in sprays. The poor results of these 
sprays were probably due to the slight 
amount oi the insecticide present. 

In 1948 chemical testing was resumed 
with emphasis on dichlorodiphenyl tri- 
chloroethane and other new chemicals in 
comparison with cryolite and rotenone. 
Applications were made as before except 
that 350 lbs. pressure was used on the 
power sprayer with a 4 nozzle upright 
boom on each side. Larvae recorded in 
tables 4 and 5 were counted after treat- 
ment on each side of treated rows and the 
counts were averaged for the table data. 


Table 4.—Effect of dusts applied May 7 on Ar- 
gyrotaenia citrana. Number of larvae per side of 
a 75-yard row. 








Per 

LIvE CENT 
LARVAE Con- 
May 14. TROL 


Dusts Usep 





None 5 — 
Cryolite 70% “| 45.4 
Dichlorodipheny] trichloroethane 

—2% 1.2 90.7 
Dichlorodipheny] trichloroethane 

—5% 0.7 94.5 
None 11.7 _ 
Dichlorodipheny] trichloroethane 

—5%+25% sulfur 2.7 78.9 
None 22.5 —_ 
Chlordan—5% (CyoHsCls) 8.5 33.6 
None 12.1 — 
Ditoly] trichloroethane—5% $.3 74.2 
Chlorinated camphene—10% 2.3 $2.0 
Control average 12.8 — 





Note—The larval populations from each side of 2 rows 75 
yards long were averaged for the May 14 data. 


The results shown in table 4 indicate 
that dichlorodipheny] dichloroethane was 
considerably more effective than cryolite 
or some of the newer insecticides. A series 
of chemicals were also tested in spray 
form with particular attention to the com- 
bination of the chemicals in an oil emul- 
sion as Basinger & Boyce (1936), had good 
results with oil added to cryolite. 

The two untreated plots in the May 10 
series averaged 50.5 larvae. The iarval 
population from each side of a 65 yard 
row and one side of an adjoining 65 yard 
row were averaged to obtain data for 
May 15. The oil used was an 87 per cent 
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light medium oil emulsion with an un- 
saturated residue of 92 per cent. The 
addition of the oil to the various chemicals 
did not appreciably increase insecticidal 
effect except for rotenone where 2 quarts 
of oil nearly doubled the efficiency. 

The best of the materials listed in the 
table 5 was dichlorodiphenyl trichloro- 
ethane as was the case in the other tests. 


Table 5.—Effects of sprays containing oil on 
A. citrana applied May 10. 








Per Cent Larva 
Controu May 15 





Chem- Plus Plus Plus 
Spray Usep PER ical qt. 2qt. 4 > 
100 Gat. WaTER alone oil oil oi 





Rotenone 2.5%—2 pts. 39.4 62.3 74.2 — 


Dichlorodipheny] trichloroethane 


50%— lbs. 97.4 — 98.8 98.8 
Cryolite—87 %—3 Ibs. 79.6 — 65.1 80.1 
Parathion—15%—1 lb. 77.6 — 81.5 177.6 
Chlordan—44%—4 pts. 86.1 — 70.2 91.4 





In a community field test of the effect 
of this material about 500 acres of in- 
fested cane berries were treated in 1948 
for orange tortrix control. The material 
was used at the rate of 1 and 2 pounds of 
50 per cent wettable powder to 100 gal- 
lons of water in a spray or at 40 pounds 
per acre of the 5 per cent dust in early 
May. In later pre harvest sprays the 
chemical was reduced to 1 pound per 100 
gallons. In all the dilutions it gave good 
commercial control measured by cannery 
inspection at harvest time. 

The fields that were most heavily in- 
fested in the fall of 1947 by orange tor- 
trix had been treated during the spring 
with two different sprays containing 4 
pounds of 50 per sent wettable DDT to 
100 gallons of spray. DDT was not very 
effective in controlling the tortrix in fields 
or row plot as indicated by results in table 
2. 
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Moths were placed on treated paper 
surfaces 45 days old in a laboratory test 
of the residual effect of dichlorodipheny] 
dichlorethane dust and spray. The moths 
were al] dead on the second day of ex- 
posure while untreated adults similarly 
caged lived 5 days. 

Among the hymenopterous parasites 
reared from the orange tortrix A panteles 
aristoteliae Vier. made up 21 per cent of 
the population, Jtoplectis obesus Cush., 17 
per cent and Horogenes eureka Ash., 16 per 
cent. Basinger (1938) found A. aristoteliae 
to be the most important of the California 
tortrix parasites and it was the only one he 
mentioned that was also found in this 
study in Oregon. 

Summary.—Life history and control 
studies were carried out in 1947 and 1948 
against the orange tortrix. Its host list 
was extended to include raspberries, 
Youngberries, Boysenberries, Loganber- 
ries and blackberries. Larvae fed on the 
berry leaves and, as the fruit ripened, 
some of the worms bored into the berries. 
The larvae overwintered in various sizes 
beneath dead berry leaves caught on the 
canes or in cane galls. They did a little 
feeding on the epidermis of the canes on 
warm winter days. Adult moths were 
crepuscular. Numerous attractants were 
tested on the adults, but only kerosene 
and gasoline light traps were even mod- 
erately effective. Chemical control tests 
in 1947 indicated that dichlorodiphenyl 
dichloroethane was effective. This was 
confirmed the next year when extensive 
field tests were conducted. DDT did not 
control the tortrix larvae. 

The hymenopterous parasite A panteles 
aristoteliae was common. Itoplectis obesus 
and Horogenes eureka were also important 
in natural control. 
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The Grape Mealybug on Taxus in Ohio 


R. B. Netswanver, Ohio Agricultural Experiment Station, Wooster 


The earliest record of the grape mealy- 
bug occurring on Taxus in Ohio appeared 
in 1938 when infested twigs were received 
in a letter from Canton. In answering the 
letter, Professor J. S. Houser made the 
statement, “Yew is not commonly sus- 
ceptible to attack by these insects.” At 
that time Taxus seemed relatively free 
from insect attack, but since 1943 the 
grape mealybug has become a trouble- 
some pest. It causes most concern in nurs- 
eries, but is also troublesome in ornamen- 
tal plantings. No Taxus species has been 
observed to escape attack, but the most 
severe infestations have occurred on the 
more dense and compact types. 

A review of the literature shows that 
this insect is very widely distributed. It 
has been recorded from several countries 
of South America, South Africa, Europe, 
and Canada as well as from all parts of 
the United States. Tate & Poor (1937) 
state that it has been recorded on more 
than 100 different host plants. Its life 
history on grape in Michigan as recorded 
by Pettit (1933) and Gentner (1935) is 
similar to that observed on Taxus in Ohio. 
However, the Michigan entomologists 
state that the insect winters in the egg 
stage, whereas on Taxus in Ohio the only 
living forms found in vety early spring 
over a period of 4 years were first instar 
mealy bugs. 

The Taxus mealybug, Pseudococcus 
cuspidatae Rau, as reported by Hamilton 
(1942) also winters in the first instar on 
Taxus in New Jersey, and apparently its 
work is similar to that of P. maritimus. 
However, it does not lay eggs, but gives 
birth to living young. It has not been re- 
corded in Ohio. 

Investigations of the biology and con- 
trol of Pseudococcus maritimus on Taxus 
were undertaken in Ohio in 1944 and have 
been continued in a limited way since 
that time. 

Biology—In order to determine the life 
history of this insect, three heavily in- 
fested plants of Taxus brevifolia were 
taken from nurseries in northern Ohio and 
planted at the Experiment Station where 
frequent observations could be made. 
Information obtained from these plants 
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was checked by occasional observations in- 
fested nurseries. 

The insect lives over winter in the first 
instar within the shelter of a mass of white 
waxy threads produced by the parent fe- 
male, and is further protected by bits of 
dead foliage, scales of bark, and other de- 
bris webbed together. Most of these occur 





Fic. 1.—Mealybug infestation on Tarus. 
May 28, 1945.! 


in the interior of the plant near the main 
stem (Fig. 1). During April and May the 
tiny mealybugs leave their winter quarters 
and establish themselves on twigs where 
they feed. 

The adult stage is reached during the 
latter half of June when eggs are deposited 
in masses of white fibrous material. Newly 
hatched crawlers of the summer brood 
have been observed as early as June 28, 


1 Specimens collected on Tarus at Painesville in 1940 were 
identified by Dr. Harold Morrison of the Bureau of Entomology 
and Plant Quarantine as Pseudococcus maritimus (Ehrh.). Dr. 
Morrison stated, however, that the genus was in such an un- 
satisfactory state taxonomically that he does not make un- 
qualified determinations. 
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but hatching continues through the first 
half of July. The newly hatched individ- 
uals soon leave the cottony masses and 
begin feeding on the twigs. Some of these 
reach the adult stage during August, and 
eggs that produce the over wintering 
brood were found as early as August 30. 
However, egg laying may continue until 
late fall and hatching continues from 
about September 15 until cold weather 
appears. 

In December, 1944, a rather unusual 
condition was observed in that many 
eggs were found on the main stems of 
plants just below the surface of the soil. 
These were observed several times during 
the winter and spring and apparently 
none survived. No viable eggs were found 
during spring months. Whether deposited 
in the interior of the plant or under the 
surface of the soil, eggs that failed to 
hatch before cold weather appeared were 
shriveled and discolored in the spring. 

Mealybug eggs on Tarus are frequently 
attacked by natural enemies. A predator 
and a parasite were reared in significant 
numbers from egg masses collected in 
nurseries of northern Ohio. These were 
respectively Sympherobius amiculus 
(Fitch), Family Hemerobiidae (deter- 
mined by A. B. Gurney) and Pseudlepto- 
mastiz sp., Family Encyrtidae (deter- 
mined by A. B. Gahan). The three infested 
plants carried to Wooster in 1944 re- 
ceived no insecticidal treatment, but the 
mealybug population was attacked by 
natural enemies and by 1947 the infes- 
tation had disappeared. These plants are 
now growing normally although somewhat 
deformed. 

ContrRoL InvestTiGaTions.—In 1944, 
field experiments in control of the grape 
mealybug on Tarus were carried on at 
Ghent and at Rossford. At Ghent, three 
applications were made at intervals of 
about 15 days beginning June 24. Many 
of the insects were in the egg stage and 
were deeply imbedded in dense masses of 
the cotton-like fibers when the sprays were 
applied. Consequently the spray materials 
all of which were contact insecticides, 
failed to come in contact with all of the 
insects. 

Thiocyanate constituted the killing 
agent in four of the sprays tested and all 
the sprays reduced the population signifi- 
cantly although none resulted in commer- 
cial control. The fifth material contained 
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a dinitro compound which proved less 
effective than thiocyanate. 

The experiment at Rossford consisted 
of but one application which was made on 
August 8 when practically all of the mealy 
bugs were feeding on the foliage and con- 
sequently were more easily covered with 
insecticides. Five experimental treatments 
were employed and each was replicated 


Table 1.—Laboratory experiments in control 
of mealybug, 1945. 














Per CENT 
AVERAGE 
MATERIALS IN 100 GALLONS Mortaity 
1. Dormant oil (a),! 2 gallons 76.0 
2. Dormant oil (b),? 2 gallons 75.8 
3. Dormant oil (c),3 2 gallons 77.4 
4. Sodium dinitro ortho cresylate,‘ 1 
gallon 99.8 
5. Thiocyanate,' 1 quart 100.0 
6. Dinitro-o-cyclohexylphenol, dicyclo- 
hexylamine salt,® 1} pounds 52.6 
7. Check (No treatment) 15.0 





1 Orthol-D Soluble, California Spray Chemical Company. 
2 Kleenup Soluble, California Spray Chemical Company. 
3 Dendrol, Standard Oil Company of Indiana. 

4 Elgetol, Standard Agricultural Chemicals, Inc. 

5 Loro, E. I. duPont de Nemours & Co. 


6 DN-111, Dow Chemical Company. 


five times. Thiocyanate again constituted 
the killing agent in four of the materials 
tested; the fifth was DDT. Counts made 
3 weeks after the sprays were applied 
showed that 90 per cent of the plants 
sprayed with the most effective commer- 
cial thiocyanate preparation were free 
from mealybugs, and only an occasional 
individual could be found on infested 
plants. On the other hand, 70 per cent of 
the plants sprayed with DDT were in- 
fested and on a number of plants the infes- 
tation was severe. 

In March 1945, infested Taxus browni 
twigs were collected at Rossford and car- 
ried to Wooster for use in laboratory 
spraying experiments. The twigs were cut 
in lengths of 6 to 8 inches and five such 
twigs were included in each test. Six treat- 
ments and a check were included. The 
sprays were applied with an electric 
atomizer on March 26, after which the 
twigs were placed upright in moist sand. 
Three days later mortality counts were 
made under a binocular microscope. A 
total of 1533 mealybugs were counted, or 
an average of 219 on the five twigs that 
constituted a treatment. The data ob- 
tained are summarized in table 1. 

Thiocyanate again proved the most ef- 
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fective of the materials used. The sodium 
dinitro ortho cresylate also proved very 
effective but it was considered unsafe for 
use on Taxus foliage. The three oils ap- 
peared to be approximately equal in effec- 
liveness. 

On April 17, a series of delayed dor- 
mant sprays were applied experimentally 
in the nursery at Rossford. A small power 
sprayer was used at a pressure of about 
150 pounds. Seven treatments were em- 


Table 2.—Mealybug control experiments, 
Rossford, Ohio, 1945. 














Per Cent 
TREES 
MATERIALS IN 100 GALLONS INFESTED 
1. Thiocyanate, 1 quart 
Spreader-sticker,! 3 fluid ounces 32.9 
2. Thiocyanate, 1.33 pints 
Spreader-sticker,! 3 fluid ounces 37.0 
3. Dormant oil (a), 3 gallons 6.2 
+. Dormant oil (b), 3 gallons 16.2 
5. Dormant oil (c), 3 gallons 13.3 
6. Dormant oil (a), 3 gallons 
40% nicotine sulfate, 1 pint 4.0 
7. 40% nicotine sulfate, 1 quart 
Spreader,” 3 ounces 73.8 





! Duponol, E. I. du Pont de Nemours & Co. 
2 Orvus, Procter & Gamble Co., Cincinnati, Ohio. 


ployed and each was replicated five times. 
Each plot consisted of six plants in a single 
row. On June 28, when the mealybugs 
were well grown and could readily be 
found, counts were made by examining 
each plant and recording the number in- 
fested. A plant was recorded as infested if 
a single live mealybug could be found. 
The data are summarized in table 2. 

The data presented in Table 2 seem 
contradictory to that in Table 1 in that 
the oils were more effective than thiocya- 
nate in one case and less effective in the 
other. However, in the field experiment, 
many of the tiny mealybugs were well 
protected and consequently were not 
reached by the spray materials. The oils, 
however, had sufficient residual action to 
kill many of the insects as they emerged 
from hibernation. The taxus foliage ap- 
peared oily for several weeks following the 
application. All of the oils caused foliage 
injury that could be detected three month 
after the sprays were applied. 

Early in the summer of 1948 a series of 
experiments were undertaken in a heavily 
infested planting of Taxus brevifolia at 
Perry, Ohio. Six treatments and a check 
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were included and each was replicated 5 
times on one-tree plots. Sprays were ap- 
plied with a knap-sack sprayer and one 
dust was applied with a plunger type hand 
duster. 

The first application was made on May 
19. At that time the mealybugs were too 
small to be found readily with the unaided 
eye, but examinations with a binocular 
microscope indicated that practically all 
were located on the twigs where they were 
exposed to the action of contact insecti- 
cides. A second application was made on 
June 2. In both cases sprays were applied 
carefully and thoroughly to all parts of 
each plant. 

Counts of living and dead mealybugs 
were made on May 27 and again on June 
9 by taking twig samples from each tree 
and examining them under a binocular 
microscope. The data obtained are sum- 
marized in table 3. 


Table 3.—Mealybug control experiments. 
Perry, Ohio, 1948. Treatments applied May 19 
and June 2. 








Per Cent 
Morta.ity 





MarTERIALS IN 100 GALLONS May 27 June 9 





1. Thiocyanate, 1.66 pints 


Spreader-sticker,! 3 fluid ounces 94.2 98.8 
2. Hexaethy! tetraphosphate 

(50%) 1.6 pints 60.4 54.5 
3. Benzene hexachloride 

(25% gamma isomer) 6.75 pound 33.4 37.4 
4. Chlordan (50%) 2 pounds 49.8 43.6 
5. Parathion (25%) 1 pound 83.2 100.0 
6. Chlorinated camphene—5% dust 50.6 33.0 
7. Check (No treatment) 4.0 0.0 





1 DuPont Spreader-Sticker, E. I. du Pont de Nemours & Co. 


The thiocyanate and the parathion 
treatments both resulted in excellent con- 
trol. The entire block in which the experi- 
mental plots were located was sprayed 
with parathion on June 9 at the rate of 1 
pound of a 25 per cent formulation in 100 
gallons. A power sprayer was used at a 
pressure of approximately 200 pounds. 
Counts made from twig samples collected 
on June 16 showed 20 living and 159 
dead mealybugs. The planting was then 
given a second application in the same 
manner. Three days later no living mealy- 
bugs could be found. 

ConcLusions.—Two generations of 
Pseudococcus maritimus (Ehrh.) occur an- 
nually on Taxus in Ohio. Eggs are de- 
posited during the latter half of June and 
again during September and October in 
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large masses of white fibrous material. 
This material is sufficiently dense that the 
insects are protected from the action of 
most contact insecticides until the eggs 
hatch and the young emerge from the 
fibrous material. 

The results of four series of field experi- 
raents indicate that the optimum time for 
the application of sprays for the control 
of mealybug on Taxus occurs during the 
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latter half of May and the first half of 
June. Sprays were relatively ineffective 
during late June and early July, but again 
became more effective during August. 
Under Ohio conditions, both parathion 
and thiocyanate have produced excellent 
results in the control of the grape mealy- 
bug on Taxus when used in two applica- 
tions at 10-day intervals beginning during 
the latter half of May or early in June. 
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Susceptibility of Winter Eggs of the European Red 
Mite to Petroleum Oils and Dinitro Compounds! 


P. J. CuapmMan and G. W. Pearce, New York State Agricultural Experiment Station, Geneva 


A contro] measure for Europee.1 red 
mite commonly employed by New York 
apple and plum growers is the use of a 
treatment to destroy the winter eggs. 
Heretofore, a petroleum oil spray has 
been used almost exclusively for this pur- 
pose. Other materials are now showing 
promise as mite ovicides, notably one or 
more dinitro compounds. 

There were two main objectives in the 
present study: (1) to determine the effi- 
ciency of two classes of dinitro products 
used alone and in combination with oil, 
and (2) to determine the efficiency of oil 
treatments applied at various intervals 
before hatching. Dean (1943) has pub- 
lished some data on the latter subject. 
He obtained poorest results with oil sprays 
applied in the full dormant period, best 
results from treatments made in the “‘de- 
layed dormant’” bud stage, while sprays 
applied in the “green-tip” stage were in- 
termediate in their efficiency. This sub- 
ject has been explored further and in 
some detail in the present study. 

Mernops.—The experiments described 
here were conducted under orchard condi- 
tions. A block of mature Wealthy apple 
trees was used for the principal part of the 
work, but results are also included on tests 


1 Journal paper No. 784, New York State Agricultural Ex- 
periment Station, Geneva, New York. November 24, 1948. 
, Hy hen leaves in apple blossom buds are exposed 0.25 to 0.5 
inch. 


carried out in a planting of Elberta 
peaches on the same farm. Standard or- 
chard spraying equipment was used to 
apply the treatments. Usually the plots 
consisted of two trees each in the apple 
block and from 8 to 10 trees when peach 
trees were involved. 

Efficiency ratings for the various treat- 
ments are based on the hatching rate of 
mite eggs in samples of spurs or twig sec- 
tions taken at random from each plot. The 
technique used has been described by 
Chapman & Avens (1948, pp. 192-3). 
Aphid eggs were involved in the paper 
cited but the equipment used and the 
handling and other procedures followed 
were essentially the same for mite and 
aphid eggs. Briefly this is the method: A 
number of smal] branches are cut at ran- 
dom from test trees following treatment. 
Spurs and twigs of this sample judged to 
bear a suitable egg population are next 
cut into 1 to 3 inch lengths. A count is 
then made under a binocular microscope 
of the number of plump, fully-colored and 
thus presumably healthy eggs present on 
individual wood sections. (There is no 
indication that treatment with oil or di- 
nitro products appreciably alters the nor- 
mal appearance of the eggs.) Counted 
twigs sections are impaled on brads which 
are anchored in a square of plywood. Each 
such impaling block accommodates 12 














| 
a 








sections bearing a total, ideally, of be- 
tween 750 and 1000 eggs. The blocks are 
held under outdoor conditions until near 
egg hatching time when the block is 
ringed with a sticky barrier to entrap any 
mites hatching from eggs that survived 
the treatment. 

MarteriAts.—A_ single oil was used 
throughout and its specifications are given 
in table 1. The current specifications es- 
tablished at this Station for a “superior- 
type” spray oil for use in the dormant 
and semi-dormant periods are also in- 
cluded in this table. It will be noted that 
the oil used in the present study meets the 
standards for a superior-type oil. 

The lots of oil spray were prepared by 
the tank mixing procedure using blood al- 
bumin as the emulsifying agent at the rate 


February 1949 CHapMAN & Pearce: PETROLEUM Ors AND Dinitro Compounps 45 


Table 1.—Specifications of spray oils.' 











Om Usen “Superior Tyre 
PROPERTIES in Tests Dormant Or.” 
Viscosity Bayheh, at 100°F.) 103.9 90-120 
Viscosity — —— 96 90 (minimum) 
Gravity (A.P. $2.5 31 (minimum) 
Unsulfonated Tes ue 1 S.T.M.) 92 90 (minimum) 
Pour Point, ° 25 80 (maximum) 
Homogeneity A relatively narrow boiling dis- 


tillate portion of petroleum. 





1 The following methods of testing are employed: 

Viscosity: Kinematic, A.S.T.M. Designation: D 445-39 T, 
Conversion to Saybolt Universal Viscosity, A.S.T.M. Desig- 
nation D 446-39. 

—- Viscosity Index: A.S.T.M. Designation: D 567- 

40 


A.P.I. Gravity: A.S.T.M. Designation: D 287-39 
Pour Point: A.S.T.M. Designation: D 97-39 
Unsulfonated Residue: A.S.T.M. Designation: D 483-40 


of 2 ounces (actual) per 100 gallons of 
finished spray. The standard procedure 
used in New York for preparing spray oil 
emulsions by tank mixing is as follows: 


Table 2.—Susceptibility of winter eggs of the European red mite to ‘‘superior-type”’ petroleum oil 
sprays applied at various intervals preceding hatching, 1948. 








APPLICATION TIME 








Day 
Before On 
Apple Start of Conc. No. Torau AVE. Per CENT 
Bup  Hatch- IN Spray Twia No. Per CENT STANDARD CONTROL 

Date STaGE ing Par ( Cent Host Samptes’ Eaos Hatcu ERROR Err. 

Merch 
18 dormant 89 0.25 apple 5 2986 $6.2 + 1.4 34.0 
0.50 5 3033 28.8 as 2.5 46.0 
1.00 ” 5 2631 18.3 be > 2.6 65.7 
2.00 ig 5 3422 12.6 7 2.9 76.4 
3.00 e 5 3920 0° =" OF 91.6 

April 
5 silver 21 25 peach 5 6776 17.2 a 2.4 75.5 
tip 0.50 = 5 5675 16.9 = 3 1.9 75.9 
00 ™ 5 4837 11.5 m2 0.9 83.6 
2.00 ” 5 5194 5.3 > 0.8 92.4 
3.00 7 5 4724 1.3 + 0.9 98.1 
10s green 16 0.25 apple 5 4160 18.0 + 1.8 66.2 
tip 0.50 m 5 4473 Co + +8 87.1 
1.00 ™ 5 4837 3.3 + 1.0 93.8 
2.00 3 5 4400 1.4 = 0.5 97 .4 
3.00 = 5 3957 0.6 = 0.2 98.9 
20 delayed 6 0.125 ‘ 5 4352 21.0 + 2.4 60.6 
dormant 0.25 . 5 4625 H.s. + 6.8 78.8 
0.50 vi 5 4564 10.5 os 0.8 80.3 
1.00 ™ 5 3937 1.9 z 0.3 96 .4 
2.00 ™ 5 4131 1.5 - 0.2 97.2 
3.00 ¥ 5 3955 0.3 a 0.2 99.4 
26 pre-pink 0 0.125 peach 3 2761 1I8i8 t+.» 22 81.0 
0.25 - 3 3379 6.9 + 0.9 90.2 
0.50 " 3 3466 be  - Ogi 97.4 
1.00 2 3 2843 6:6) by o Ge] 99.1 
2.00 ‘ 3 2002 0.2 + 0.1 99.7 

Control apple 22 18 ,046 3:8 + 2.4 =~ 
Control peach 13 12,916 7:5 + 33 — 
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With the engine running 20 to 25 gal- 
lons of water are drawn into the spray 
tank. Next, the emulsifier is added, then 
the oil. The spray-gun is now directed 
into the spray tank and opened for 1 to 
1.5 minutes. Effective emulsification is ob- 
tained by this circulation of oil, water and 
emulsifier through the pump and back 
into the tank through the spray gun. The 
final operations are to fill the tank with 
water and clear the hose-line of concen- 
trated emulsion, preferably returning it to 
the tank. 

The two dinitro products tested, were: 

1. A slurry containing 22 per cent so- 
dium dinitro-o-cresylate.! 

2. A liquid formulation containing 36 
per cent of the triethanolamine salt of 
dinitro-o-secondary butyl phenol.’ 

Resutts AND Discusston.—The data 
obtained on the oil sprays applied at vari- 
ous intervals preceding the hatching 
period are given in table 2 and figure 1. 
As will be seen the records obtained in the 
apple and peach blocks have been com- 
bined. Originally it was planned to com- 
pare the efficiency of oil sprays applied at 
only three bud stages on apple. When it 
was found that the data from peach fit 
rather precisely into the general pattern 
established by the apple data it was 
deemed permissable to combine the rec- 
ords. Whether or not one accepts this ac- 
tion is immaterial for the data trends are 
evident, based either on the apple or com- 
bined data. The obvious advantage in 
combination is that data are available on 
egg susceptibility at five rather than at 
three intervals preceding hatching. The 


1 Elgetol, Standard Agricultural Chemical Co. 
2 DN289, Dow Chemical Co. 
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only way the authors believe the host may 
possibly play some part in the action of 
oil sprays is in varying oil deposition 
rate occasioned by differences in bark 
surface. Data trends in the present in- 
stance suggest this is a minor factor. 
Results of tests conducted with dinitro 


4.0 











M.E.0.—- % OIL 























10 20 30 40 
DAYS BEFORE HATCHING 


Fic. 1.—Graphic analysis of data given in table 1. 

The minimum effective dosage (M.E.D.) for each 

application date has been determined from dosage- 

mortality curves. The point of 95 per cent kill or 
1.D95 has been used for the M.E.D. 


compounds used alone and combined with 
oil are given in table 3. These sprays were 
applied March 24 to apple trees when the 
buds were still fully dormant. 

It is evident the from data in table 2 
that the overwintering eggs of the Euro- 
pean red mite vary considerably in sus- 
ceptibility to spring applied oil sprays. 
Within the period covered by the experi- 
ment—and this spanned the period it was 


Table 3.—Efficiency of dinitro compounds used alone and in combination with petroleum oil against 
winter eggs of the European red mite on apple, 1948. 








Twic 


TREATMENT SAMPLES 


Tora. 
Eaes 


CoNTROL 
Err. 


STANDARD 
Error 


AVE. 
Hatcu 








Dinitro-o-secondary butyl phenol 
.25% 


- 


v (a 

.25% plus, 0.25% oil 
.25% plus, 0.5 % oil 
.25% plus, 1.0 % oil 


Or Sr Sr Sr Or 


Dinitro-o-cresol 
.5 % plus, 1.0 % oil 
.5 % plus, 1.0 % oil 
Control 


Per Cent Per Cent 
68.3 
oT. 
89. 
86. 
92. 


He I++ I+ I+ 1 


16. 
81. 


He t+ 

























































possible practically to apply such sprays 
in 1948—egg susceptibility increased pro- 
gressively as the hatching period was ap- 
proached. Thus a 0.25 per cent oil spray 
applied at the beginning of hatch (April 
26) gave essentially the same degree of 
control as a 3 per cent strength applied 39 
days earlier. This clearly illustrates the 
advisability of delaying oil sprays for 
mite control as late as possible. Whether 
or not it would be feasible in this area to 
apply this treatment to trees in the pre- 
pink stage (April 26) is uncertain owing 
to possible complications with sulfur fun- 
gicides. Such a practice is little followed in 
New York at present. Many local growers 
are using oil sprays in the green-tip and 
delayed dormant bud stages. At these 
periods a 2 per cent concentration of a 
superior oil has proved relatively safe to 
the trees and highly effective in killing 
wite eggs. 

The present experiments confirm an- 
other finding of Dean (1943) on oil appli- 
cations made in the full dormant period. 
Mite eggs appear to be relatively resistant 
at this time. In the present tests a 3 per 
cent strength gave an efficiency of only 
91.6 per cent. To derive much benefit in 
control, a kill of at least 97 per cent of the 
overwintering eggs is considered neces- 
sary. Dean failed to obtain this control 
level even at 4 per cent concentrations. 
From almost every standpoint—economy, 
tree safety and poor results in mite control 
—the use of oils to combat this pest in the 
full dormant period seems inadvisable. 

From the data shown in table 3 it is 
seen that the dinitro-o-cresol proved vir- 
tually worthless. The triethanolamine 
salt of dinitro-o-secondary butyl phenol 
however, proved quite effective at the 
higher concentration tested. The fact 
that this latter material gives promise of 
being a satisfactory mite ovicide and 
shares with dinitro-o-cresol a high potency 
in killing aphid eggs and _ hibernating 
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larvae of the eye-spotted bud moth, com- 
mends it for serious consideration as a 
general purpose dormant treatment for 
apples in New York. It is a highly caustic 
material and until experience may show 
otherwise, its use should be limited to the 
spring and to truly dormant treatment. 

Some interest has been shown in com- 
bining small amounts of oil with relatively 
low concentrations of dinitro compounds, 
with the object of each supplementing the 
action of the other. As will be seen, control 
efficiency was increased over what was 
obtained with the dinitro product alone. 
It still was not raised sufficiently to war- 
— the practice, judged by the present 

ata. 

SumMary.—Oil sprays prepared from a 
a single product were compared for their 
ovicidal efficiency against winter eggs of 
the European red mite when applied at 
the beginning of the hatching period and 
at 6, 16, 21 and 39 days preceding this 
event. Susceptibility of the eggs increased 
as the interval between spraying time and 
hatching was reduced. An efficiency of 
only 91.6 per cent was obtained with a 3.0 
per cent oil spray applied 39 days before 
hatching or in the full dormant period. 
Essentially this same kill, 90.2 per cent, 
was realized with only 0.25 per cent oil in 
a spray applied at the beginning of hatch. 
A product containing dinitro-o-cresol as 
the chief toxic agent proved ineffective. 
At a 0.5 per cent concentration, a formu- 
lation containing 36 per cent of the trieth- 
anolamine salt of dinitro-o-secondary 
butyl phenol, gave 97. 2 per cent control. 
This is about the same control as was ob- 
tained with a 2 per cent oil spray applied 
in the green-tip and delayed dormant 
period or 6 and 16 days before hatching 
in 1948.1 


_! Acknowledgement: The writers wish to express their appre- 
ciation to the Shell Oil Company for a grant-in-aid which has 
covered part of the cost of this study. 
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Control of the Fig Scale in California 


Dwieut F. Barnes, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine, and 
E. M. Starrorp, University of California, Davis 


The fig scale, Lepidosaphes ficus (Sign.), 
is presumed to have been brought into 
California about 1905, but apparently 
no extensive control studies were made 
until 1917. In that year F. P. Roullard 
(1917) published a description of the life 
history of the scale and suggested dor- 
mant sprays for its control. During the 
same year R. L. Nougaret, United 
States Bureau of Entomology, began 
control studies. The work of Nougaret 
in 1917-18, of A. J. Flebut in 1922, 
and of E. A. McGregor in 1925 and 
1927 was summarized by Simmons e¢ al. 
(1931) with the statement that, “the 
only materials that have given promise 
of controlling the insect are oil emulsions 
and combinations of lime-sulfur and oil.” 

In 1938, C. Kinsley! reviewed the fig- 
scale situation in Merced County and 
reported good control without tree injury 
following the use of 6 per cent oil of 135 to 
142 seconds Saybolt viscosity and 70 per 
cent unsulfonatable residue applied in 
February. The necessity of good coverage 
was emphasized. 

By 1943 the fig scale had become wide- 
spread and many of the infestations were 
heavy. Since little organized effort to 
study control had been made previously, 
investigations were begun by the writers 
in December 1943 to determine necessary 
concentrations of dormant oil and proper 
timing of application. Plans were also 
made to investigate the possibility of con- 
trol in the spring and to determine the 
effectiveness of other insecticides. 

Economic Importance.—The scales 
that settle on the fruit cause the greatest 
losses. On Kadota figs that are intended 
for canning, the part beneath and sur- 
rounding the scale remains dark green 
through the processing. Figs with three 
or more such spots must go into jam 
stock, with consequent reductions in 
returns. In 1945 and 1946 canning stock 
brought $125.00 a ton, whereas jam stock 
was paid for at the rate of only $30.00 a 
ton in 1945 and $40.00 in 1946. On the 
basis of a crop of 5 tons per acre, the 
percentages of figs showing more than 


1 Paper read at annual meeting of the California Fig Institute, 
Fresno, Calif., January 19, 1938, 
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three scale marks indicate that the loss in 
the unsprayed plots of 1945 was at the 
rate of $216.60 per acre. Losses where 
dormant oils or summer oils were used 
were at the rate of $30.40 to $33.72 per 
acre. The figures secured in 1946, a year 
of lighter infestation, were considerably 
less. The loss in the unsprayed plots 
that year was estimated at $24.33 per 
acre. 

Heavily infested drying figs are less 
acceptable to packers, being lighter in 
weight and having a warty appearance. 
The influence of fig scale control on the 
quality of Adriatic figs is illustrated in 
figure 1. The figs from the untreated trees 


Fig. 1.—Adriatic figs from sprayed and unsprayed 

trees. The improvement in quality following the use 

of 3 per cent and 4 per cent dormant oil sprays is 
shown by the three samples at the right. 


were small, shriveled, spotted from scale 
attack, and light in weight—the type of 
figs avoided by buyers. The figs from the 
trees treated with 3 or 4 per cent oil 
sprays were large, heavy, thin skinned, 
and possessed the characteristics desired in 
good-quality fruit. 

Lire History.—Adult fertilized fe- 
males pass the winter on the trees. Al- 
though live scales may be found on any 
succulent bark on the trees, most of them 
are on the wood of the last 2 years. 

The scales, particularly those on the 
trunks, may begin to lay eggs in February. 
It is mid-March before egg laying be- 
comes general. By that time the leaves of 
the Adriatic variety of fig are 0.5 to 0.75 
inch in length. The overwintered females 
lay about 30 eggs each. 
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Table 1.—Control of fig scale on Adriatic figs with dormant oil spray in 1944 and 1945 as measured 
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by mortality of overwintering scales, scales established on the leaves in mid-June, and percentage of 


intagtet figs at harvest time. 








TREATMENT! 
(OLL GALLONS PER 
100 GAL.) 


DaTEs OF 
APPLICATION? 


Per CENT 
MortTA.ity 
or OveEr- 
WINTERING 


AVERAGE 


NUMBER OF 


SCALES ON 
LEAVES AT 
END oF 


Per CENT 
INFESTED 


ScaLEs® Sprine Broop* Fies® 





(1944) 
2 gal. Jan. 3 
Jan. 12 
Feb. 11 
Mar. 10 
Average 


Jan. 3 
Jan. 12 
Feb. 11 
Mar. 10 
- Average 


Jan. 3 
Jan. 12 
Feb. 11 
Mar. 10 
Average 


3 gal.+liquid lime- Jan. 3 
sulfur 3 gal. Jan. 12 
Feb. 11 
Mar. 10 

Average 


Unsprayed checks Jan. 3 
Jan. 12 
Feb. 11 
Mar. 10 
Average 


(1945) 
2 gal. Feb. 15 
3 gal. Feb. 15 
t gal. Feb. 15 
Unsprayed check Feb. 15 


68. 243 92 
71. 262 99 
70. 190 88 
72. 48 64 
71. 186 86 


99.6 45 48 
99.6 63 66 
98. 10 43 
97. 5 26 
98. 33 46 


100. 12 
96. 4 
99. 29 
99. 9 

23 


36 
72 


22 


17 


Cr Or D W Gr 





1 Blood albumin used at rate of 4 oz. per 100 gal. 


* Two plots sprayed with each material on each date in 1944 and 5 in 1945. 
’ Observations made about a month after treatment: 1800 scales examined from each treatment on each date. 

4 Observations made in mid-June; 12 leaves examined from each treatment on each data in 1944 and 60 in 1945. 
Observations made at harvest time; 500 figs examined from each treatment on each date in 1944 and 1500 in 1945. 


Hatching of the spring brood of eggs 
begins about the first of April. The young 
crawlers from these eggs settle on the 
foliage. Egg laying and hatching continue 
so that crawlers from the overwintered 
females are present until late June. 

The summer, or leaf- and fruit-infesting, 
form of this scale was formerly considered 
to be Lepidosaphes ficifoliae (Berlese). 
VY. Lupo (1945) found that this form was 
the progeny of L. ficus, which had over- 
wintered on the wood and was not a 
separate species. The writers verified this 
in 1946. 


The females on the leaves are smaller 
than those on the wood, and their scale 
covers are less regular in shape. They lay 
about 12 eggs each. Eggs of the earliest 
females in this brood begin hatching from 
June 15 to 20. It follows that crawlers 
from both the overwintered females and 
females which developed on the foliage 
are present on the leaves during the latter 
part of June. Males are found almost 
exclusively on the leaves. 

After mid-summer many of the female 
crawlers establish themselves on the wood. 
During August the scales on the wood 
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increase rapidly in abundance. Mating of 
the overwintering females takes place in 
the fall. 

Mernops.—On the basis of the utiliza- 
tion of the crop and the consequent differ- 
ences in cultural practices, figs many be di- 
vided into two classes, drying and canning. 
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trees, and samples to determine the effec- 
tiveness of the treatments were taken 
from these trees. The plots were arranged 
to obtain the greatest possible uniformity 
of size among all count trees. The Kadota 
plots were located in a Merced County 
orchard. In 1944 and 1945 they consisted 


‘eee. 


te TG mre ebaS 


of 9 trees each, 3 on a side, the center tree 
being designated as the count tree. In 
1946 the Kadota plots contained 16 trees, 
4 on a side, with the 4 center trees being 
designated as count trees. 

From 13 to 15 gallons of dilute spray per 
tree were required to spray thoroughly the 
dormant Adriatic fig trees. The smaller 


Most of the control studies were made on 
Adriatic fig trees, representing the drying 
varieties, and on Kadota fig trees, the 
fruit of which is used for canning. The 
Adriatic plots, located in Fresno County, 
were in rows of trees bordering other crops 
and in most tests consisted of 3 trees each. 
The center trees were designated as count 


Table 2.—Control of fig scale on Kadota figs with dormant oil spray in 1944, 1945, and 1946 as meas- 
ured by mortality of overwintering scales and percentage of infested figs at harvest time. 








CONDITION OF 
SAMPLES OF Fics 
Per Cent 
Infested 


Morta.ity or Over- 
WINTERING SCALES® 


Number 
Examined 


Number Per Cent 
Examined Dead 


TREATMENT! 
(OIL, GALLONS PER 
100 GAL.) 


DATES OF 
APPLICATION? 


12-31-43 267 : 1313 
1-14-44 279 ‘ 748 
2-11-44 400 6. 1486 
3- 8-44 700 . 1193 





2 gal. 





Totals and averages 1646 33.7 4740 
12-31-43 372 94. 944 
1-14-44 231 ; 1034 
2-11-44 400 98. 1114 
3- 8-44 99. 1248 


3 gal. 





Totals and averages 4340 
1132 
1176 
990 


4 gal. 





Totals and averages 


12-31-43 
1-14-44 
2-11-44 
3- 8-44 


3 gal.+liquid lime- 
sulfur 3 gal. 








Totals and averages 


12-31-43 
1-14-44 
2-11-44 
3- 8-44 


Unsprayed checks 


Totals and averages 


4 gal. 

Unsprayed checks 
3.5 gal. 
Unsprayed checks 








' Blood albumin was used at the rate of 4 0z. per 100 gal. | d ; 
* Two plots were sprayed with each material on each date in 1944, 3 in 1945, and 4 in 1946. 
4 Observations were made about a month after treatment; scales were examined from each plot for each treatment on each date. 
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Kadota trees, which were 6 to 7 feet in 
height after winter pruning, required 
from 3 to 6 gallons for thorough coverage. 
The sprays were applied with standard 
makes of orchard spraying equipment 
operating at 500 to 600 pounds pressure. 

Three methods were used extensively 
to measure the effectiveness of the spray 
treatments. The mortality of adult female 
scales on the wood was determined about 
a month after treatment. A sample from 
the Adriatic fig trees consisted of a uni- 
form number of twigs from each plot in 
an experiment, the number being usually 
12, but sometimes 6 per count tree de- 
pending on the number of scales to be 
examined. The twigs were selected so 
that as many different parts of the tree as 
possible were represented. The lighter 
infestation on the Kadota trees did not 
lend itself to the sampling system used 
for the Adriatic trees. Instead, infested 
bark flakes and twigs were taken from the 
trees wherever convenient, and an effort 
was made to examine at least 100 female 
scales from each plot. 

The second method of measurement was 
to determine the number of first-brood 
scales established on sample leaves in 
mid-June. At that time there is a period 
of overlapping in which there are present 
on the leaves a maximum number of 
progeny of overwintered females and few 
of the subsequent brood. The differences in 
the number of scales established on the 
leaves indicated variations in the number 
of scales which had survived the several 
winter treatments. A sample consisted of 
a uniform number of leaves, 12 or 6 per 
count tree, so selected that different parts 
of the tree were represented in the sample. 
The third leaf on wood of the current 
season was taken for samples on Adriatic 
trees and the first leaf on Kadota trees. 
Both immature and mature male and 
female scales, whether alive or dead, were 
counted on both upper and lower surfaces 
of each leaf. 

The third and most important measure 
of effectiveness of the spray treatments 
was the amount of infested fruit at har- 
vest. Normally, Adriatic figs are allowed 
to ripen on the tree and fall to the ground. 
They are picked up three or four times 
during the harvest season. In the experi- 
ments reported here the figs were picked 
up three times in the Adriatic plots at 
intervals of about 10 days, beginning 
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early in September. Samples of 100 figs 

were taken beneath each count tree. In 

1944, at the first two pickings, samples of 

100 figs were examined, or all the fruit 

if the number gathered was less than 100. 

At the third picking enough figs, gathered 

at random, were examined to round out 

the counts for each tree to a total of 25 

figs. : 
During the first part of the Kadota 

harvest, figs from the count trees were 
examined twice a week. The schedule con- 
formed closely to the usual practice of 

picking every 3 days. In 1944 and 1945 a 

sample of 100 figs was examined if more 

than 100 were taken from a tree, or all the 
figs if the number was less than 100. In 

1946, 50 figs were examined from each of 

the four count trees, or all the figs if the 

number was less than 50. When the 
amount of infestation on fruit from the 
untreated trees showed a definite down- 
ward trend, the examinations were dis- 
continued. The biweekly examination 
periods extended from August 29 through 

September 26 in 1944, from August 21 

through September 28 in 1945, and from 

August 16 through September 20 in 1946. 
MateriAts.—The value of oil sprays, 

ovicides, and certain new insecticides in 

controlling the fig scale was tested during 
the investigation. The materials used were 
as follows: 

Dormant winter oil; viscosity 100-103 
seconds Saybolt, unsulfonatable residue 
70 to 73 per cent. 

Light summer oil; viscosity 62 seconds 
Saybolt, unsulfonatable residue 92 per 
cent. 

Light-medium summer oil; viscosity 68 
seconds Saybolt, unsulfonatable residue 
92 per cent. 

A proprietary material! containing 20 per 
cent of the sodium derivative of dinitro- 
ortho-cresol, with a wetting agent. 

A proprietary material containing 30 per 
cent of the sodium derivative of dinitro- 
ortho-cresol, without a wetting agent. 

Light summer oil with cube root (4.3 per 
cent rotenone content) and a proprietary 
material containing methyl naphtha- 
lene.” 

Light summer oil with wettable sulfur 
and glycerol dioleate. 

DDT dissolved in kerosene and the methyl 
naphthaline compound.” 


1 Elgetol. 
2 Velsicol AR-60. 
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Parathion, a new organic phosphate com- 
pound (a 20 per cent solution in the di- 
2-ethylhexyl ester of phthalic acid). 

Blood albumin was used in sprays con- 
taining oils at the rate of 4 ounces per 
100 gallons of dilute spray. 

Resutts with DorMANT SpRAyYs.— 
Mortality of adult female scales on twigs. 
The susceptibility to dormant spray treat- 
ments of adult female scales on the twigs 
did not appear to vary between January 1 
and March 10, as shown in tables 1 and 2, 
although high mortality was recorded 
when 2 gallons of dormant oil per 100 
gallons was applied to Kadota figs on 
March 8. In general, 2 gallons of dormant 
spray oil per 100 gallons of water (2 per 
cent oil) gave unsatisfactory results. The 
3 per cent oil, 4 per cent oil, and 3 per 
cent oil plus 3 per cent lime-sulfur sprays 
gave satisfactory control. Of the 16 plots 
treated with 4 per cent oil, all but one 
showed over 99 per cent mortality; the 
exception, 96.9 per cent mortality, was 
obviously due to poorer spray coverage. 

The 3 per cent oil plus 3 per cent lime- 
sulfur gave about as satisfactory results 
as the 4 per cent oil spray, but the cost of 


Table 3.—Apparent effect of ovicides on con- 
trol of fig scale on Adriatic fig trees 1 month after 
treatment on March 17, 1944, as measured by 
mortality of over-wintering scales and dead fe- 
males with hatched eggs under the scale covers. 








Deap FEMALES 
with Hatcuep 
Ecos 


Num- 
ber 
Per Cent Ex- Per 


TREATMENT! (PER 100 GAL.) Morta.ity? amined Cent 





Dormant oil: 
@ gal. 99.7 5s 51. 
3 gal. 100.0 41. 
4 gal. 100.0 20. 
3 gal.+liquid lime-sulfur 3 gal. 100.0 33. 
2 qt.+20% di-nitro 1.5 gal.4 99. 0 
2 qt.+30% di-nitro 1 ofr 100. 
1 gal. +-20% di-nitro 0.75 gal. 100. 
1 gal.+30% di-nitro 0.5 gal. 98.5 
2 gal. +20% di-nitro 0.75 gal. 99. 
2 gal.+30% di-nitro 0.5 gal. 
8 gal. +20% di-nitro 0.75 gal. 
3 gal.+30% di-nitro 0.5 gal. 

20% di-nitro 1 gal. 

30% di-nitro 0.66 gal. 

20% di-nitro 2 gal. 

30% di-nitro 1.33 gal. 

20% di-nitro 4 gal. 

30% di-nitro 2.66 gal. 100. 

Unsprayed check s. 


600 


581 
543 
599 
599 
600 
600 
— 5 


WSSHH BuSHEHOOD 





1 Blood albumin used at rate of 4 oz. per 100 gal. if sprays 
contained oil. 

2 600 scales from each plot were examined. 

3A sodium derivative of dinitro-ortho-cresol and a wetting 
agent (Elgetol). 

4A sodium derivative of dinitro-ortho-cresol and no wetting 
agent (Elgetol 30). 

5 More than 85% of the females were laying eggs when the 
trees were sprayed and hatch was 20% complete when the ob- 
servations were made. 
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materials was increased. In addition to the 
increased cost, lime-sulfur sprays were 
more disagreeable for the operator to 
handle than were oils alone. 

In all but two treatments of plots used 
to compare the effects of oils, oils plus 
ovicides, or ovicides alone (Table 3), the 
kill of overwintered scales was excellent. 
The use of the ovicide sodium derivative 
of dinitro-ortho-cresol increased the cost 
of materials without increasing the control 
secured with oil alone. In the two treat- 
ments where the mortality was less than 
98 per cent, equivalent amounts of the 
sodium derivative of dinitro-ortho-cresol 
were used. Where the mortality was 96.8 
per cent the proprietary material con- 
tained a wetting agent, and in the plot 
where mortality was 90 per cent there was 
no wetting agent in the spray. Mortality 
following the use, on March 8, 1945, of 1 
gallon of the ovicide with a wetting agent 
was only 15.5 per cent instead of 96.8 per 
cent as in 1944. Possibly the 1945 appli- 
cations were applied too early to be 
effective. 

Survival of eggs. On March 10, 1944, 
over half of the female fig scales were 
laying eggs. In April, scales sampled from 
plots treated on March 8 were found to 
contain many hatched eggs under covers 
where the females had been killed. In the 
Adriatic plots between 3 and 23 per cent 
of the dead females were associated with 
hatched eggs and in the Kadota plots 
between 30 and 43 per cent. In some tests 
it was found that all the eggs under a 
scale had hatched or were about to hatch; 
in others only a portion had hatched; and 
in a few cases all the eggs had been killed. 
Although no records were taken, it ap- 
peared that survival increased with an 
increase in the number of eggs present. 
Either not enough oil was applied to kill 
the females and cover all the eggs, or the 
females laid a number of viable eggs be- 
fore succumbing to the oil. 

When the sprays that were put on to 
compare the effect of oil, oil plus ovicide, 
and ovicide alone were applied on March 
17, 1944, more than 85 per cent of the 
scales on the Adriatic trees were ovi- 
positing. The contrasts in results when 
sprays with and without ovicides were 
used (Table 3) were obvious and indicated 
high egg mortality when the sodium 
derivative of dinitro-ortho-cresol was 
used. 
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First brood on the foliage. In general, 
when the effectiveness of the treatments 
was measured by the number of first- 
brood scales on the foliage in mid-June 
and by the mortality of overwintered 
scales, the results were comparable. 
Furthermore, on very heavily infested 
twigs the number of scales on the foliage 
was large, an indication that the heavier 
the infestation the larger the number of 
individuals which survived, even where 
percentages of kill had been high. 

Both the initial scale infestations on the 
dormant wood and the concentration of 
oil in the dormant sprays were found to be 
important factors in control. Table 4 
shows that reduction in progeny followed 
use of increased amounts of oil, and that 
there was a tendency for more individuals 
to survive a given treatment if the initial 
infestation was heavy. The samples were 
taken on June 21, 1944, from the north- 
east side of Adriatic trees which had been 
sprayed with 2, 3, and 4 per cent oil 
during the preceding winter. 


Table 4.—Influence of initial fig scale infesta- 
tion during period fig trees were dormant, and 
influence of concentration of oil in dormant 
sprays on progeny subsequently settling on the 
leaves. 








PROGENY 
PER 1000 
Over- 
WINTERED 
ScALES 


Resvutt- 
ING First- 
Broop 
ScALES 
ON 1944 
LEAVES 


OvERWINTERED 

SCALES ON 

1943 Woop 
TREATMENT —————— 
(OIL, GALLONS Per 
PER 100 GAL.) Total Inch 





2 591 10099 
357 é 1492 
87 382 


17088 
4179 
4391 


792 s 346 437 
515 83 161 
308 56 64 208 


408 16 89 
222 37 3 l4 
275 5 1 + 





There were fewer first-brood scales on 
the foliage of the Adriatic trees which 
were treated on March 10 than on those 
treated earlier in the winter with the same 
concentration of oil. This is shown in table 
1. Foliage infestation following treatment 
with 4 per cent oil on March 17 was also 
low even though, a month after treatment, 
there were hatched eggs under 20 per cent 
of the scales containing dead females. It 
is possible enough oil remained from the 
late treatments to prevent establishment 
of many crawlers. 

Infestation on fruit. As might be ex- 
pected from the data on kills of overwin- 
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tering female scales and on the number of 
first-brood scales on the Adriatic foliage 
in mid-June, the order of effectiveness of 
dormant sprays in reducing the amount 
of infested fruit was: first, 4 per cent oil; 
second, 3 per cent oil and 3 per cent lime- 
sulfur; third, 3 per cent oil; and last, 2 per 
cent oil. The comparisons appear in tables 
1 and 2. Also, the better control of scale 
on the foliage from dormant oil sprays 
applied in March rather than earlier in 
the year was noted again when the fruit 
was examined for scale infestation. The 
dormant oils applied in February of 
1945 and 1946 did not give as good control 
as expected. The poorer control, in the 
1945 plots at least, was the result of poor 
spray coverage. 

Results witH Sprinc Sprays.—In 
mid-May of 1945 and 1946, sprays con- 
taining light summer oils were applied to 
Kadota fig trees. The eggs of the over- 
wintered females were hatching, the craw- 
lers were establishing themselves, and 
none of the summer brood was mature 
when the trees were sprayed. As shown in 
table 5, there were only small differences 
between the infestations on figs from trees 
treated with the light oils in May and on 
fruit from trees treated with dormant oils 
in February. Two of the sprays caused 
foliage injury. In 1945 the spray contain- 
ing light summer oil and wettable sulfur 
caused moderate leaf burn. The spray 
with 3 gallons of a kerosene solution con- 
taining 8 per cent DDT and 20 per cent of 
a methyl naphthalene compound! to 100 
gallons of water caused severe defoliation 
in 1946. To what extent this injurious 
effect might be lessened by reducing the 
methyl naphthalenes is not known. The 
percentages of infested fruit from the 
trees treated with DDT were low. 

A preliminary test of parathion for 
control of the fig scale was eucouraging. 
On March 31, 1947, a spray consisting of 
a pint of a solution containing 20 per cent 
parathion in di-2-ethylhexyl ester of 
phthalic acid to 100 gallons of water was 
applied to an Adriatic fig tree. The hatch- 
ing eggs of the overwintered females was 
about to begin at that time. Normally 
adults are numerous early in July but, in 
contrast to the untreated trees, obser- 
vations at the time showed only immature 
scales on the sprayed tree. The eggs or 


1 Velsicol AR-60. 
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Table 5.—Comparison of dormant and late spring sprays for control of fig scale cn Kadota fig trees 
as measured by the average number of scales per leaf in mid-June and the percentage of infested figs 


at harvest time. 








TREATMENT DATES OF 


(PER 100 Gat.)! 


APPLICATION? 


EXAMINATION OF Fics 
at Harvest TIME 





Per Cent 
With 
More 
Than 
Three 
Scale 

Marks 


AVERAGE 
NUMBER OF 
SCALES OF 
LEAVES AT 
END oF 
SPRING 
Broop* 


Per Cent 


Infested 


Number 
Examined 





(1945) 
Light summer oil: 
2 gal. 
2 gal.+6 oz. cube root 
2 gal.+6 oz. cube root+1.5 oz. 
Methyl! naphthalene comp.‘ 
1.5 gal.+4 lb. wettable sulfur+56 
ml. glycerol dioleate 
Light-medium summer oil 2 gal. May 17 
Dormant oil 4 gal. Feb. 17 
Unsprayed checks — 


May 17 
May 17 


May 17 


May 17 


(1946) 
Light summer oil 2 gal. May 13 
3 gal. of solution containing 8% DDT 
and 20% Methyl naphthalene 
comp.‘ 
Dormant oil 3.5 gal. 
Unsprayed checks 


May 13 
Feb. 5 





1 Blood albumin used at rate of 4 oz. per 100 gal. 


? Three plots sprayed with each material on each date in 1945 and 4 in 1946. 
3 Observations made in mid-June; 36 leaves examined from each treatment in 1945 and 1946. 


‘4 Velsicol-A R60. 


the crawlers which had been produced 
during the earlier part of the brood ap- 
parently had been killed, but some of the 
later ones had survived. 

SummMary.—The fig scale, Lepidosaphes 
ficus (Sign.), a pest of both drying and 
canning figs, was established in Fresno 
County by 1917, when the life history 
was described and control measures sug- 
gested by Roullard (1917). At the time 
the studies reported herein were begun, 
in 1943, most of the fig growing sections in 
northern California were infested, and 
the use of dormant oil sprays had re- 
placed earlier spray materials. 

During the years of depression, when 
the value of figs was low, there was little 
effort to control the insect except on figs 
grown for canning. As prices rose after the 
beginning of the late war, the interest in 
controlling the scale increased. Field 
practices, however, were not uniform. 

The work of the writers was directed 
chiefly toward standardizing the con- 
centrations and timing of dormant sprays. 
The possibility of control in the spring 


with summer oil sprays or other insecti- 
cides also was investigated. Studies in the 
field biology of the scale were made to 
provide a foundation for the work. 

The scales that settle on the fruit 
cause the greatest losses. On canning figs 
the part beneath and surrounding the 
scale remains dark green through the 
processing. Such figs must go into jam 
stock, with consequent reductions in 
returns. Heavily infested drying figs are 
less acceptable to packers, being lighter 
in weight and having a warty appearance. 

The scale passes the winter as adult 
females on the bark of the fig tree. Most 
of the live scales are on the one- and two- 
year-old wood, but they can be found on 
any portion of the tree where there is 
succulent bark. Overwintered females lay 
eggs from February to June. Hatching 
begins early in April and continues until 
well into June. Most of the crawlers go to 
the leaves and settle there, but a small 
percentage settle on the fruit and a few 
on the bark. The scales on the leaves are 
smaller, lighter colored, and somewhat 





February 1949 


different in shape from the overwintering 
scales on the twigs. Eggs laid by the ear- 
liest of these scales begin to hatch about 
mid-June. At that time crawlers from 
both spring and summer eggs are present 
on the leaves. Additional broods develop 
during the summer and on the twigs in 
the fall. The female scales on the twigs 
are fertilized in the fall and form the over- 
wintering brood. 

Control following the use of various 
concentrations of dormant oil at different 
times was measured by the mortality 
among the overwintering scales, the num- 
ber of summer scales established on the 
foliage near the end of the first brood, and 
the percentage of infested fruit at harvest. 
The 2 per cent dormant oil sprays did not 
give satisfactory control. When 3 per cent 
dormant oil, 3 per cent dormant oil with 
3 per cent lime-sulfur, and 4 per cent 
dormant oil sprays were used, the results 
were good. Effectiveness increased in the 
order named. The susceptibility of the 
scales to the oil sprays varied little through 
the winter, from December to early March. 
When the spraying was delayed until 
the females began to lay eggs, some of the 
eggs hatched, but few of the young lived 
after crawling on the oiled bark. Although 
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the 3 per cent oil with 3 per cent lime- 
sulfur spray gave results about as good as 
the 4 per cent spray, the cost of materials 
was greater and the spray was more dis- 
agreeable to apply. 

The mortality of overwintered scales 
following use of ovicides with dormant 
oils during the egg-laying period was no 
greater than when oils alone were used. 
Fewer eggs, however, hatched when the 
ovicides were included in the sprays. The 
advantage from the use of ovicides was 
more apparent than real, however, be- 
cause few of the young lived after crawling 
on bark oiled by dormant oils alone, and 
the numbers of first-brood scales that 
established themselves on the leaves 
following the use of the two types of 
spray were about equal. Addition of the 
ovicides increased the cost of the sprays, 
but did not increase their effectiveness. 

Fig scale infestation was controlled by 
2 per cent light summer-oil sprays put on 
in May, when first-brood crawlers were 
still settling and before any of the summer 
scales were mature. Most of the scales 
were on the leaves at that time, and cover- 
ing all of them with oil was more difficult 
than in the winter. 


LITERATURE CITED 


Lupo, Vincenzo. 1945. Il Mytilococcus ficifoliae (Berlese) e una forma del M. conchiformis (Gmelin). 
Boll. R. Lab. di Entomol. Agrar. di Portici. V(1941-—1945) : 196-204. 
Roullard, F. P. 1917. The Mediterranean Fig Scale ( Lepidosaphes ficus). Calif. State Commr. Hort. 


Monthly Bul. 17: 246-8. 


Simmons, Perez, W. D. Reed, and E. A. McGregor. 1931. Fig Insects in California. U. S. Dept. Agr. 


Cire. 157. 





A TECHNIQUE FOR 
WEED SEEDS 

One of the chief drawbacks in using the milkweed 
bug, Oncopeltus fasciatus Dallas, as a laboratory test 
insect has been the problem of supplying it with food. 
In the past, milkweed seeds have been separated 
from the silks by hand: a slow laborious process. A 
pot-type vacuum cleaner with a removable dirt pan, 
such as the commercial Multi-vac Spencer, is a valu- 
able aid in separating these seeds. 

The pods are opened by hand into a large flat con- 
tainer. Then the seeds and silks are drawn into the 
cleaner through the hose. Most of the seeds settle to 
the bottom of the cleaner, into the dirt pan, while the 
silks cling to the cloth bag. If the cleaner is laid on 
its side after the contents of 100-200 pods are run 


SEPARATING MILK- 
FROM SILKS 


through, the seeds and heavy debris are retained in 
the pan and few of the silks fal! down into this pan. 
The seeds can then be sifted through a coarse screen 
to eliminate the debris. 

If the motor is turned on while the dirt pan is re- 
moved, the silks and lighter debris will be packed 
into the bag and they may be easily removed and 
disposed of as desired. 

The method of separation described here is ap- 
proximately 4 or 5 times faster than hand separa- 
tion. It is also more efficient, and cleaner than hand 
separation. 

Joun E. Porter, Illinois State 
Natural History Survey, Urbana 





The Effect of Soil Soluble Salts and Cultural Practices 
on Mite Populations on Hothouse Tomatoes 


J. G. Ropriauez and R. B. Nerswanper, Ohio Agricultural Experiment Station, Wooster 


The two-spotted spider mite, Te- 
tranychus bimaculatus Harvey, has been 
the cause ef much concern to growers of 
greenhouse vegetables. In Ohio, where the 
hothouse vegetable industry is a large one, 
this mite attains great economic impor- 
tance, especially on tomatoes. Once a 
mite infestation has made its appearance 
in a crop it will spread rapidly if not 
checked. The costly control measures 
that must be directed against infestations 
can be appreciated, for instance, when 
the situation demands fumigation of large 
acreages several times during the course 
of one growing crop. 

To prevent infestations through carry- 
over from the previous crop, greenhouse 
operators usually steam-sterilize the soil 
and fumigate the greenhouse with sulfur 
or azobenzene. In spite of precautions, 
however, some greenhouses observed 
through a period of years seem to have a 
regular recurrence of mite infestations. 
Others, in contrast, seldom if ever have 
such infestations. 

In order to investigate possible rela- 
tionships existing between soil or cultural 
factors and mite infestations, these studies 
were undertaken in 1946. A factor which 
encouraged the investigation was the work 
reported by Page (1946) who found that 
Ohio vegetable greenhouse operators were 
maintaining fertilizing programs which, 
apparently, were needlessly heavy. 

EXPERIMENTAL.—In order to deter- 
mine the mite population of a given green- 
house, 100 tomato leaflets were taken at 
random and the mites found thereon were 
counted. This number was the population 
value attributed to that greenhouse. 
There were 24, 47, and 49 greenhouses 
studied in June 1946, 1947, and 1948, re- 
spectively. These greenhouses averaged 3 
acres in size and were located mainly in 
northern Ohio. 

Soil samples were taken concurrently 
with the population surveys of 1947 and 
1948; the cropping system and the type 
of mulch used in each greenhouse were 
also recorded. Soil samples were not 
taken in 1946. Page (1946) reported the 


analyses and conductivity of greenhouse 
soil samples taken during 1944 and 1945; 
since these soils usually received the same 
treatment each year, it was assumed that 
this evaluation of soluble salt concentra- 


TWO TOMATO GROPS ANNUALLY 


SQ... 


19'46 1948 


| 
1947 
Fic. 1.—The relationship of two-spotted spider mite 
populations and specific conductivity of soil soluble 
salts in Ohio vegetable greenhouses growing two 
tomato crops annually. Scale indicates both the 
average mite population per 100 leaflets and the 
specific conductivity of the soil. 


tions would be a close indication of the 
values existing in 1946. 

The method followed in determining 
soluble salts was one set forth by Merkle 
& Dunkle (1944) in their study of soluble 
salt content of greenhouse soils as an 
aid in diagnosing soil problems. This 
method is based on an electrical bridge 
measurement (specific conductivity) of 
the ionized salts resulting from a 1:2, 
soil:water extract, and expressed as 
reciprocal ohms times 10~. 
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ReEsvutts AND Discussion.—M ite Popu- 
lation, Cropping System, and Soluble Salt 
Studies. When the mite population data 
were being evaluated, it was found that 
these data fell into two groups: in the 
first, the greenhouse operators grew two 
tomato crops annually; and in the second, 
the cropping system involved one or more 
alternate vegetable crops, 7.e., radishes, 
cress, or lettuce. This is shown in table 1. 
It will be noted that the population totals 
of the two groups differed widely. Con- 
versely, when the specific conductivity 
values were compared, the differences were 
not great. The alternate cropping system, 
therefore, suggests itself as a major factor 
in discouraging mite infestations in these 
vegetable greenhouses. 

When the data from greenhouses grow- 
ing two tomato crops in 1946 were ana- 
lyzed statistically, a significant positive 
correlation was found to exist between 
electrical conductivity (reciprocal ohms) 
of soluble salts and the mite population. 
That is to say, the higher the specific 
conductivity the higher the mite popu- 
lation. 

The straight-line relationship evident 
the first year was not found in the two 
subsequent surveys and analyses. Scatter- 
grams of the data make apparent a re- 
lationship in which the bulk of the mite 
population and specific conductivity ob- 
servations occur in the low ordinates. 
As is shown in figures 1 and 2, there has 
been a decrease of both mite populations 
and soluble salts during this period. 

An explanation of these phenomena may 
be found in the fact that, following the 
report by Page in 1946, the greenhouse 
operators were made aware of the high 
concentration of mineral elements in 
their soils and accordingly decreased their 
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Fie. 2.—The relationship of two-spotted spider mite 
populations and specific conductivity of soil soluble 
salts in Ohio vegetable greenhouses growing one 
tomato crop and one or more other vegetables an- 
nually. Scale indicates both the average mite popu- 
lation per 100 leaflets and the specific conductivity 
of the soil. 

fertilizing programs. Records taken during 
the course of this study indicate that the 
amount of fertilizer applied per acre has 
been reduced approximately 36 per cent 
over a 5-year period. 

It was not the purpose of this investi- 
gation to consider the individual ions 
which constitute soluble salts and study 
their influence on mite populations. 


Table 1.—Summary of studies: specific conductivity of soils, mite populations, and cropping systems 


in Ohio vegetable greenhouses. 








Two Tomato Crops ANNUALLY 


| One Tomato Crop Pius 
ALTERNATE(S) ANNUALLY 














| Sp. con- | Population Sp. con- Population 

| Number of | ductivity | average Number of ductivity average 

| greenhouses | x10 per 100 | greenhouses x10 per 100 
YEAR| studied mhos! leaflets | studied mhos! leaflets 
1946 | 14 | 133 | 169 10 170 23 
1947 25 115 152 22 116 16 
1948 26 | 107 82 | 23 104 | 1 





1 mhos=reciprocal ohms. 
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Investigations of the effect of minerals on 
entomological problems involving a plant 
host have been few in number. The work 
that has been reported indicates that in- 
sects vary in their reaction to given ions 
and host plants. McGarr (1942), working 
with the relation of fertilizers to the 
development of cotton aphid, Aphis 
gossypri Glov., found that the application 
of nitrogenous fertilizers caused a definite 
increase in numbers of aphids. According 
to Haseman (1946), Dr. Phillip C. Stone 
has found that the chinch bug “thrives and 
matures faster, lives longer, and produces 
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of the vegetable greenhouses studied 
during the 3-year period. Table 2 gives a 
summation of the results. 

A straw mulch has been generally 
accepted by greenhouse operators as the 
mulch least likely to introduce mites. 
The data substantiate the popularity of 
the straw mulch but do not substantiate 
the belief. Clover mulch has been thought 
to be a probable source of mites but the 
data tend to indicate that it was not 
responsible for mite introductions. The 
use of the other mulch types is so limited 
that the data are inconclusive. 


Table 2—Three year summation: Mulch type and mite occurrence study 








Hortrnuovuses GROWING Hortnovuses Grow1nG ONE 


Two Tomato | 
| 


Tomato Crop Pius 


Totat Hotruouses 





Crops ANNUALLY ALTERNATE(S) ANNUALLY OBSERVED 

TYPE OF | Mite Mite Mite 

Muvutcu Infested Free Infested Free | Infested Free 
Straw 38 6 6 33 44 39 
Clover 5 1 2 6 7 7 
Hay 3 3 1 t 4 
Soybean 5 0 2 5 2 
Peanut shell 3 1 4 3 5 
Total observed 54 11 9 46 63 57 





more offspring when nitrogen is withheld 
from the nutrient solutions on which 
corn plants were grown as food.’”” Dahms 
(1947), working with the chinch bug on 
sorghum plants, found that the bugs laid 
more eggs on plants growing in solutions 
high in nitrogen or low in phosphorus 
than on the same varieties growing in 
solutions low in nitrogen or high in phos- 
phorus. 

In this study, specific conductivity has 
been used as an index of ionic concentra- 
tions and suggests itself as a possible 
approach to entomological problems of 
this nature. Investigations of the effect of 
specific mineral elements are now in 
progress. It remains to be seen how these 
ions influence a mite population. 

Mite Poputation AND Mutcu Stupy. 
—Mulches have been frequently blamed 
for mite introductions and infestations, 
since mites occur on a variety of forage 
crops used by greenhouse operators for 
mulching tomatoes. In order to determine 
whether the frequency of mite infestations 
and the type of mulch used were inter- 
related, observations were made on each 


It is also interesting to note the 
differences between the numbers of the 
infested and non-infested greenhouses 
under the two cropping systems. 

SumMaARyY.—Possible relationships be- 
tween soil or cultural factors existing in 
Ohio vegetable greenhouses and the two- 
spotted spider mite, Tetranychus bimacu- 
latus Harvey, occurring on tomatoes were 
investigated. It was found that the type 
of cropping system employed in a given 
greenhouse was a determining factor for 
mite occurrence or degree of infestation. 
During this study, more than 10 times as 
many mites were found in greenhouses 
where two tomato crops were grown an- 
nually than in greenhouses where the 
annual tomato crop was alternated with 
radishes, cress, or lettuce. 

A significant positive correlation was 
found to exist the first year between the 
specific conductivity or soluble salt con- 
tent of the soil and the mite population. 
This relationship was not evident in the 
two subsequent years. Both the specific 
conductivity of greenhouse soils and the 
mite population, however, showed a 
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decrease over the 3-year period of the 
study. This was apparently due to a 
decrease in the use of fertilizer by the 
greenhouse operators. 

The soluble salt content of soils is an 
index of ionic concentrations and suggests 
approaches to certain entomological prob- 
lems involving inter-relationships between 
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soils, plants, and plant-feeding forms. 

Type of mulch had no apparent relation- 
ship to mite occurrence. A straw mulch 
apparently did not discourage mite intro- 
ductions and a clover mulch apparently 
did not encourage introductions. Incon- 
clusive results were obtained on three 
other less popular mulch types. 
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Aphids on Flue-Cured Tobacco 


C. B. Dominick, Bright Tobacco Field Station, Chatham, Va. 


During the latter part of July 1946, 
aphids were observed to infest flue-cured 
tobaeco heavily in small irregular spots in 
three tobacco fields of Pittsylvania County 
Virginia. In 1947, the insect appeared in 
more injurious numbers and caused slight 
to moderate damage to some tobacco. The 
green peach aphid, Myzus persicae (Sulzer) 
was probably the most common species 
involved. The distribution of aphids in 
the same field and from field to field was 
irregular. Infestations observed were gen- 
erally spotted over a given field and in no 
instance was there a general distribution. 
There was a marked preference for shaded 
areas. Aphids were noted to persist on 
tobacco suckers after harvest until the 
plants were killed by frost. 

In 1948, heavy infestations of aphids 
were noted on tobacco plants in several 
plantbeds. Aphid populations ranged from 
slight to abundant on newly set tobacco, 
and some growers sustained serious losses 
during the season where adequate control 
measures were not carried out at the 
proper time. 

NATURE OF THE INJuRY.—Mature to- 
bacco heavily infested with aphids showed 
a premature yellowing of the leaves with a 
firing of the tissue around the margins 
and particularly at the base of the petiole. 
Necrotic tissue was often noticeable on 


mature leaves (Fig. 1). The leaves were 
generally coated especially on the upper 
surface with honeydew, on which a black, 
sooty, moldlike growth developed. This 
condition was noticeable first on the 
lower leaves and later on the leaves fur- 
ther up the stalk. Cast skins of aphids 
were generally found adhering by the 
hundreds to the under sides of the leaves. 
Such injury reduced the quality and value 
of the leaf. 





Fig. 1.—Severe aphid injury on mature 
tobacco leaves. 
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Natura. Controu.—Aphid predators 
were present in most infested tobacco 
fields and were generally sufficient to hold 
the aphids in check under conditions of 
lightly infested tobacco. The convergent 
lady beetle. Hippodamia convergens Guer., 
was the most abundant predator. As many 
as 30 beetles and 47 larvae of this species 
were counted on one heavily infested 
plant. The two-spotted lady beetle, Adalia 
bipunctata L. was present in some fields. 
Several other species of the family Coc- 
cinellidae were found to a lesser extent. 
Syrphid fly larvae, mostly Sphaerophoria 
cylindrica (Say), were found on most 
plants infested with aphids. Larvae and 
adults of Chrysopa spp. were also found. 
During a period of hot, dry weather in 
1947 and 1948, a heavy mortality of aphids 
occurred. This condition was so striking 
that a given field often appeared to have 
been treated with some effective chemical, 
inasmuch as hundreds of dead aphids 
were noted adhering to the leaves and 
stalk of the plants. Samples of these aphids 
were collected and forwarded to Mr. Paul 
Lentz, Division of Micology and Plant 
Disease Survey, U. S. Department of 
Agriculture. It was reported that no en- 
tomophagous fungi were found; however 
there was an abundance of sterile myce- 
lium, as well as yeastlike forms in the 
bodies of the aphids. 

ContTROL witH INsEcTIcIDES.—In pre- 
liminary tests during 1947, nicotine dust, 
3 per cent and nicotine spray, 1 to 400 
were not effective, thus attention was 
turned to some of the newer organic insec- 
ticides. Small-scale field tests with para- 
thion used in a 1 per cent dust and in 
spray containing 1 pound of 15 per cent 
wettable powder in 100 gallons of water, 
gave perfect control in replicated plots. 
Hexaethyl tetraphosphate applied as a 
spray had a similar toxicity. 

PLANTBED EXPERIMENTS, 1948.—<A to- 
bacco plantbed located at the Station was 
noted to have a heavy, general infestation 
of aphids on May 27. This plantbed was 
divided into small plots, each consisting 
of an area of 2 square yards. A buffer 
space was left between plots and cloth 
covers were used on either side of the 
plot being treated. Parathion was used as 
a 1 per cent dust and as a spray containing 
1 pound of 15 per cent wettable powder to 
100 gallons of water in the tests, each 
treatment being replicated four times. The 
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dust was applied at the rate of 1 pound 
and the spray, 6 gallons per 100 square 
yards. The plants were approximately 6 
to 8 inches high at the time of treatment. 
A pre-treatment count of aphids was 
made by drawing 10 plants at random and 
recording all stages of aphids found on 
each plant. Post-treatment counts were 
made in a similar manner 48 hours after 
treatment. 


Table 1.—Control of aphids on tabacco plants 
in the plantbed with parathion.! 








APHIDS PER 
10 PLants? 


Before After Perr Cent 
Treat- _—‘Treat- Repvwc- 
TREATMENT ment ment TION 








Parathion, 1% dust 773 0 100.0 
Parathion, 1 lb. 15% wettable 

powder 100 gal. water 445 2 99.5 
Untreated check 565 _ 





1 Parathion (Thiophos 3422), American Cyanamid Company. 
2 Average 4 replicates. 


The results given in table 1 indicated 
that parathion at the rates used was 
highly effective against aphids in tobacco 
plantbeds. On the basis of these data it 
is conclusive that a treatment in the plant- 
bed would be of importance in preventing 
a rapid build-up of aphids on newly set 
plants in the field, the original infestation 
being carried from the plantbed. Inas- 
much as parathion has residual toxicity 
against aphids, this treatment would offer 
several days’ protection against the 
winged forms. 

Fretp ExperimMents.—Field — experi- 
ments were carried on against aphids on 
tobacco during 1948 at three locations, the 
treatments being applied on different 
dates. A complete randomized-block de- 
sign was used with buffer space consisting 
of one row between plots. The dusts were 
applied to the upper surface of the leaves, 
no special effort being made to cover the 
under side. The sprays were applied 
lightly with hand spray equipment, both 
surfaces of the leaves being covered. 
Counts of aphids were made before and 
after treatments. Ten plants were selected 
at random from the two center rows of 
each plot and all stages of aphids recorded. 
Aphid counts were made by counting all 
stages of the insect on the bud and five 
leaves selected at random at different 
heights on the plant. Post-treatment 
counts were made 48 hours after the treat- 
ments were applied. 
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The tobacco field selected for experi- 
ment 1 was a uniform planting of Vir- 
ginia Gold tobacco. At the time of the 
treatment on June 21, the plants were 
approximately 42 inches high and the in- 
festation of aphids was general. The plots 
were 0.0125 acre in size, and each treat- 
ment was replicated three times. The 
treatments were made during exception- 
ally favorable weather. The dusts were 
applied to both sides of the row with a ro- 
tary hand-operated duster at the rate of 
17 pounds per acre. The sprays were ap- 
plied at the rate of 65 gallons per acre. 


Table 2.—Control of aphids on flue-cured to- 
bacco with parathion, tetraethyl pyrophosphate, 
and 40-percent nicotine sulphate. 








APHIDS PER 
10 PLANts? 


Before After 
Treat- Treat- 
ment ment 


Per Cent 
Repuc- 


TREATMENT TION 





100.0 
98.5 


2602 0 
1789 26 


Parathion, 1% dust 

Parathion, .5% dust 

Parathion, 1 lb. 15% wettable 
powder 100 gal. water 2714 35 

Tetraethyl pyrophosphate, 10% 
2 pints 100 gal. water 

Nicotine sulphate plus soap, 2 
pints 100 gal. water 

Untreated 


98.7 
2781 23 99.2 


2940 12.2 
2884 -_ 





1From Woolfolk Chemical Works. 
2 Average 3 replicates. 


The different materials tested and the 
results obtained are given in table 2. All 
treatments except nicotine sulphate re- 
sulted in high reductions in aphid popu- 
lations. A 1 per cent parathion dust 
showed slightly better performance than 
the 0.5 per cent strength. Tetraethyl 
pyrophosphate gave gooel results at the 
rate tested. At the 1 to 400 rate nicotine 
sulphate was ineffective. 

The small field selected for experiment 
2 was a uniform planting of Yellow Special 
tobacco. Plots 0.0133 acre in size were 
used, and each treatment was replicated 
three times. The plants at the time of the 
treatment on June 30 were about 15 inches 
high and had a moderate infestation of 
aphids. Dusts were applied with a knap- 
sack duster at the rate of 10 pounds and 
the sprays at 40 gallons per acre. 

The different materials tested and the 
results obtained are given in table 3. 
All treatments gave large reductions in 
aphid populations. The 1.5 per cent 
gamma benzene hexachloride dust was 
slightly less effective than parathion at the 
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Table 3.—Control of aphids on flue-cured to- 
bacco with parathion, tetraethyl pyrophosphate, 
and benzene hexachloride.! 








APHIDS PER 
10 PLANts? 


Before After 
Treat- Treat- 
ment ment 





Per Cent 
Repvuc- 


TREATMENT TION 





100.0 
98.2 


94.1 
99.3 


Parathion, 1% dust 540 0 
Parathion, .6% dust 338 6 

nzene hexachloride, 1.5% 

gamma dust 20 
Tetraethyl pyrophosphate, 10% 

2 pints 100 gal. water 6 4 
Benzene hexachloride, 25% 


gamma 2 lbs. 100 gal. water 99.4 


4 
Untreated check 750 _ 





1 B.H.C. (Isotor), California Spray-Chemical Corp. 
2 Average 3 replicaies. 


0.5 and 1 per cent strengths. This may be 
attributed to the slower action of the ben- 
zene hexachloride. Parathion and tetra- 
ethyl pyrophosphate had about the same 
efficiency as in the preceding experiment. 

The purpose of experiment 3 was to 
compare the effectiveness of 0.5 tand 1 per 
cent parathion in larger plots with a 
greater number of replications. The plots 
selected werea uniform planting of Virginia 
Gold tobacco. They were 0.05 of an acre 
in size, and each treatment was replicated 
four times. At the time of the treatments 
on July 1, the plants were approximately 
30 inches in height and were heavily in- 
fested with aphids. The dusts were ap- 
plied with a knapsack duster at the rate 
of 15 pounds per acre. 


Table 4.—Comparative effectiveness of 0.5 
and 1 per cent parathion dust against aphids on 
tobacco. 








APHIDS PER 
10 PLants! 


Before After 
Treat- Treat- 
ment ment 





Per Cent 


TREATMENT REDUCTION 





4505 3 99.9 
3547 54 98.8 
3840 -— 


Parathion, 1% 
Parathion, 0.5% 
Untreated check 





1 Average 4 replicates, 


The results are presented in table 4. 
Both dust treatments gave a high reduc- 
tion in aphid populations, which compared 
favorably with results obtained in the two 
preceding experiments. As in the two pre- 
vious tests a 1 per cent parathion dust 
gave a slightly better performance than 
the .5 per cent dust. 

ResipuaL Errect oF Paratuion.—A 
small plot of tobacco was dusted lightly 
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with 1 per cent parathion dust, complete 
coverage being obtained on both surfaces 
of the leaves. Following the treatment, to- 
bacco leaves were collected on the first, 
third, fifth, seventh, ninth and eleventh 
days and aphids were caged on the under 
side in 50 mm. glass tubes one inch in 
height. The glass-tube cages were placed 
at different locations on each leaf, a tan- 
glefoot barrier being used around the top 
to prevent migration. The leaves were 
placed on moist blotting paper, the peti- 
oles being wrapped in absorbent cotton 
which was kept saturated with water to 
prevent desiccation. The results are given 


Table 5.—Residual effect of treatments with 1 
per cent parathion dust used to control aphids on 
tobacco when caged on treated and untreated 
leaves at varied intervals after treatment. 














Per Cent 
APHIDS Apuips Drab 
CAGED AFTER— 
AFTER 
TREAT- 24 
Days MENT NuMBER hours hours 
1 Treated 226 100 
Not treated 112 0 
3 Treated 276 100 
Not treated 148 2 
5 Treated 235 96 98 
Not treated 152 2 4 
7 Treated 231 44 92 
Not treated 142 1 4 
9 Treated 110 9 41 
Not treated 155 0 3 
11 Treated 267 1 4 
Not treated 160 0.6 3 





in table 5. These data indicate that par- 
athion, 1 per cent dust, has highly effec- 
tive residual value against aphids on to- 
bacco for a period of at least 7 days, but 
its toxicity rapidly decreased after that 
period. Forty-one per cent of the caged 
aphids were dead after 9 days. Only 4 per 
cent were dead after 11 days. 
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SUMMARY AND Conc.usions.—Aphids 
are an important potential pest of flue- 
cured tobacco. The insect was first ob- 
served to infest heavily flue-cured tobacco 
in 1946 and has been on the increase dur- 
ing the following two years. 

Beetles and larvae of the family Coc- 
cinellidae are important predators and 
under conditions of a light infestation 
may hold the insect in check. These in- 
sects were readily destroyed by the new 
organic insecticides under investigation. 

Nicotine sulphate was not effective 
against aphids on tobacco at a rate eco- 
nomical for the grower to use. Parathion, 
tetraethyl pyrophosphate, and benzene 
hexachloride all showed a high degree of 
efficiency in the control of this aphid. No 
plant injury was observed from the use of 
either of the chemicals and there was ap- 
parently no effect on the curing. Informa- 
tion is lacking on the effect on the burning 
qualities and flavors of the tobacco. 

No residue problem is involved with the 
use of tetraethyl pyrophosphate inasmuch 
as it volatilizes rapidly and is effective 
within a short time after mixing. With the 
relatively low concentration used it was 
necessary to wet the aphids to obtain a 
high degree of control. Complete coverage 
is difficult, inasmuch as the aphids are 
largely found on the under side of the 
leaves. 

Parathion dust was highly effective 
when the application was made without 
making a special effort to cover the under 
side of the leaves. Good control has been 
noted where the coverage was incom- 
plete. It was demonstrated that 1 per cent 
parathion dust has residual value against 
aphids on tobacco for at least 9 days after 
treatment. The possible use of parathion 
in the practical control of aphids on flue- 
cured tobacco will depend to a large ex- 
tent on the residue hazard. 

Parathion and tetraethyl pyrophos- 
phate are both highly toxic to warm- 
blooded animals and their use cannot be 
advocated without due warning. 
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The Tobacco Stalk Borer in Western Mexico 


A. M. Woopsrpg,! Staunton, Virginia 


The tobacco stalk borer, Trichobaris 
mucorea (Lec.), does not occur in any im- 
portant tobacco growing region of the 
United States, and it has received very 
little attention from economic entomolo- 
gists. With the exception of the work of 
McKinney, who studied the biology and 
control of this weevil at Tempe, Arizona, 
in connection with an attempt to grow 
tobacco of a high nicotine content in that 
state, there seems to have been no study of 
this borer. The results of McKinney’s 
work have not been published. Chitten- 
den (1902) reported on 7. mucorea as a 
pest of potato in Texas, drawing most of 
his material from correspondence. Barber 
(1935) is of the opinion that the account 
by Essig (1915) of the potato stalk borer 
in the Imperial Valley of California, and 
the Arizona record of Morrill (1915), both 
under the name of 7’. trinotata, probably 
deal with 7. mucorea. 

Trichobaris mucorea is a very serious 
pest of tobacco in the State of Nayarit, 
Mexico, where it causes heavy losses. The 
coastal plain of Nayarit, is the most im- 
portant tobacco producing region of Mex- 
ico. Preliminary studies of the biology and 
control of the stalk borer were started at 
Santiago Ixcuintla, Nayarit, in November 
1947, and the work herein reported was 
conducted there between November 17, 
1947, and March 3, 1948. At the time the 
work was started the earliest of the to- 
bacco plant beds had been seeded about 6 
weeks, and a few plants were almost large 
enough to transplant, but transplanting 
had not been started. 

Lire History anp Hasitrs.—Tobacco 
stalk-borer adults were present on the 
larger plants in the plant beds at the time 
of the first examination on November 17, 
but they were much less common than 
they became a short time later. Popula- 
tion counts made between December 5 
and January 22 showed that, over rela- 
tively short periods, there were wide vari- 
ations in the number of beetles found in 
the plant beds. These apparent fluctuations 
in population seem to have been caused 
by differences in activity rather than by 

1 The work reported in this paper was conducted while the 
author was on leave of absence from his duties with the Virginia 


Agricultural Experiment Station, and was employed by a to- 
acco company in Mexico 
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differences in actual population. The bee- 
tles are more active, and thus more readily 
observed or collected, when the temper- 
ature is high. They exhibit a preference for 
the larger plants in a bed and few are 
found on the smaller plants. Thus the 
population dropped sharply when the 
plants were taken from a given part of a 
bed for transplanting. Irrigation of the 
plant beds was discontinued about the 
middle of January and this was followed 
by a sharp drop in the beetle population. 
The population in the tobacco fields, 
however, was increasing rapidly at this 
time. 

Stalk-borer adults are inactive at tem- 
peratures below 60°F., and few of them 
are found on the plants at such tempera- 
tures. During the period of these studies 
it was usually cool enough in the early 
morning to cause the beetles to drop off the 
plants. As the temperature rises in the 
morning their activity increases, and many 
beetles may be found walking about on the 
tops of the leaves at 70°F., if the air is 
still. At temperatures above 80°F. they 
fly readily, often making repeated short 
flights. Activity is decreased by wind, 
which causes them to seek shelter, and 
few of them appear on the plants on 
cloudy days. The males are more active 
than the females, which are more com- 
monly found on the stems or petioles 
where most of their feeding and egg lay- 
ing is done. Males predominated by about 
three to one in collections made by pick- 
ing the beetles from the tops of the plants. 

Beetles collected in the plant beds were 
used for life history studies in the insec- 
tary, being placed in fruit jars with a 
small amount of lightly packed, moist 
soil in the bottom. Fresh tobacco plants 
were set in the soil in these cages daily. 
Mortality was high among the beetles in 
the insectary, and many females died be- 
fore depositing any eggs. Most of the fe- 
males had probably deposited eggs before 
being captured, so that the oviposition 
records are lower than those that might 
have been obtained from beetles reared in 
captivity. Oviposition records were ob- 
tained for 17 females. The individual 
records covered periods varying from 15 
to 98 days, and the female having the 
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longest record was still living when the 
work was terminated. The number of eggs 
deposited by individual females varied 
from 17 to 128, the average per female 
being 61.8 eggs. 

The eggs of the tobacco stalk borer are 
deposited singly in any part of the host 
plant in which the female can excavate a 
suitable hole. An occasional egg is thrust 
into some natural crevice of the plant. 
Most of the eggs deposited in the plant 
beds are placed in the stems, a few being 
placed in the petioles. As the plants in- 
crease in size, an increasing percentage of 
the eggs are deposited in the petioles and 
midribs. Egg punctures are of two types, 
occurring in approximately equal numbers. 
Both types may be made by the same fe- 
male in one plant in the course of 24 hours. 
The simplest consists of an excavation into 
the tissue of the plant, slanted so that it 
extends laterally 2 to 3 mm. under the sur- 
face layers. The egg is pushed into the 
short tunnel thus formed. The other type 
is more commonly found on plants or 
parts of plants on which the layer of suc- 
culent tissue overlying the hard woody 
layer is relatively thin. It consists of a shal- 
low, crescentic excavation, and the egg is 
placed in a small hole under the center 
flap or tongue of this excavation. 

The egg of the tobacco stalk borer is 
oval in shape; the diameter varies from 
0.4 mm. to 0.5 mm., and the length from 
0.7 mm. to 0.9. mm. It is light yellow or 
cream in color when first deposited. This 
color becomes intensified during the first 
24 hours, but it fades out as the egg ap- 
proaches hatching condition. When ready 
to hatch the egg is almost transparent, 
except for the black head of the larva. 
The eggs deposited November 26 to Feb- 
ruary 12 hatched in 7 to 17 days. The av- 
erage length of the incubation period was 
9.2 days. 

The newly hatched larva is almost 
transparent, with a slight greenish-yellow 
tinge, and the head is black. The young 
larva feeds within the cavity which en- 
closed the egg for 24 hours or longer, and 
then begins to tunnel through the tissues 
of the host plant. The burrows soon turn 
black, and appear as more or less distinct 
dark lines visible through the overlying 
tissue. These dark lines are very conspicu- 
ous on the smaller infested plants, and 
have given rise to the name planta rayada, 
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or “striped plant,” as such a plant is 
known. The larva may tunnel in any di- 
rection, and it often follows a spiral course. 
In the smaller plants the amount of succu- 
lent tissue outside the woody layer of the 
stem is limited, and most of the larvae find 
their way through this woody layer to 
the pith cavity of the plant. In the larger 
plants many of them complete their 
growth in the tissue outside this layer. 
Most of the larvae that hatch in the peti- 
oles of the small and medium plants find 
their way down to the stems. 

At the end of its feeding period the 
larva excavates an exit passage almost to 
the surface of the plant. It then constructs 
an oval cell of bits of chewed woody tissue, 
and pupates within this cell. The com- 
bined lengths of the larval and pupal 
stages varied from 39 to 56 days, the aver- 
age length being 48.7 days. Added to the 
incubation period, this gives an average 
length of life, from the deposition of the 
egg to transformation, of 57.9 days. The 
adults usually do not emerge for sev- 
eral days after transforming, but no rec- 
ords of the length of this period were 
obtained. This study was made during 
the coolest months of the year, and it is 
possible that development may be more 
rapid during the warmer months. It ap- 
pears that the stalk borer may have six 
overlapping generations per year in 
Nayarit, but there would be fewer if the 
adults remain in the old tobacco stems 
for any considerable length of time before 
emerging. 

Host Puants Orner THAan Tosacco.— 
Beetles reared from borer larvae which 
were very common in the stems of a 
ground cherry, Physalis angulata L.,? in 
November and early December were de- 
termined as Trichobaris mucrorea by L. L. 
Buchanan of the Division of Insect [denti- 
fication. Adults of the tobacco stalk borer 
were seldom found on ground cherry, 
and the larvae present in early December 
were half grown or larger, indicating that 
the eggs had been deposited several 
weeks earlier. Ground cherry plants in 
the plant beds among tobacco plants were 
seldom infested. When ground cherry 
plants were placed in the oviposition cages 
along with tobacco plants, 75 per cent of 


2 The plant determinations were made through the courtesy 
of Dr. J. G. Harrar, Director for Agriculture, ‘The Rockefeller 
Foundation, Mexico, D. F. 
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the eggs were placed in the tobacco plants. 
Thus stalk borer beetles will oviposit in 
this weed, but they prefer tobacco, and 
evidently abandon ground cherry when 
tobaeco plants become large enough to be 
attractive. Larvae of the tobacco stalk 
borer appeared to grow normally in the 
stems of ground cherry and they reached 
maturity in these plants in about the same 
length of time as was required in tobacco. 
This plant may be of importance in en- 
abling the stalk borer to maintain a fairly 
high level of infestation when tobacco 
plants are not generally available, for it is 
very common. 

Larvae believed to be those of Tricho- 
baris mucorea were found on several occa- 
sions in the petioles of Solanum diversi- 


folium Schlecht. This is a very common 


plant in this region, but it is shrubby and 
the stems are too woody to provide much 
food for the larvae of the tobacco stalk 
borer. During the dry season the petioles 
are the only parts of the plant that seem 
succulent enough to support these larvae. 
The growth of this plant during the rainy 
season may be more succulent, and if so, it 
may serve as a host of some importance. 
Datura has been mentioned by Essig 
(1915) and Barber (1935) as an important 
host of Trichobaris mucorea. Datura was 
not common in the area around Santiago 
Ixcuintla, and no plants of this genus 
were found until late in February. At this 
time a large patch of a species of this weed 
was examined carefully, and many of the 
plants were dissected, but no evidence of 
infestation by T. mucorea or any related 
species of borer was found. This Datura 
was adjacent to a tobacco field in which 
the infestation of stalk borer was heavy. 
Wild or volunteer tobacco plants may 
be found quite commonly in the area 
where these studies were conducted, and 
many of these were examined for borer 
infestation. Such plants are usually less 
heavily infested than the tobacco plants 
in nearby fields. It is possible that they 
were less attractive to the ovipositing 
beetles because they were older and less 
succulent than the plants in the fields. 
NaTuRAL ENnEemies.—Natural enemies 
appeared to be of little importance. No 
parasitization of borers in tobacco was 
observed, but a few parasitized larvae 
were found in the stems of Physalis 
angulata. No adults of these parasites 
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were obtained. The larvae of a beetle 
were quite generally predaceous on tobac- 
co stalk-borer larvae in the stems of 
ground cherry. These beetle larvae were 
common in this plant, and were much 
more injurious to it than were the stalk- 
borer larvae. In every case where one of 
these larvae is known to have encountered 
a larva of Trichobaris mucorea, the latter 
was destroyed. Beetles reared from these 
larvae were tentatively determined as 
Langurites sp. by W. S. Fisher of the 
Bureau of Insect Identification. 

NaTURE AND EXTENT oF INJURY.— 
Approximately 29 per cent of the tobacco 
plants taken from the plant beds for 
transplanting were infested by the tobac- 
co stalk borer. Of these 19 per cent con- 
tained eggs, 7 per cent contained larvae, 
and 3 per cent contained both eggs and 
larvae. There were 35 eggs and 11 larvae 
per 100 plants. The larvae were small, and 
had not caused noticeable injury to the 
plants, although the dark lines indicating 
their burrows were conspicuous. 

When tobacco is transplanted there 
follows a period of a week to 10 days, or 
even longer, during which the plants make 
no growth. The part of the plant above 
the surface of the soil dies, and the plant 
shows no signs of life for several days. 
Then a bud beneath the surface starts 
growth and sends up a shoot which will 
form the central stem of the plant. Plants 
which contain borer larvae when trans- 
planted are very likely to be killed during 
this period, since the tissue being devoured 
is not being replaced. In an experimental 
tobacco field, planted December 2 and 
3, 8 per cent of the plants were killed by 
borers at this early stage. 

Plants in which the borer eggs hatch 
after the plants are set in the field usually 
survive, unless other factors contribute to 
their weakening. The feeding of the borers 
in such plants, however, often weakens or 
kills the first bud that starts growth, 
resulting in the production of several 
small stems or suckers instead of a central 
stem. In the experimental field at Santiago 
Ixcuintla 20 per cent of the plants pro- 
duced suckers as a result of borer attack. 
Such plants produce a relatively small 
quantity of inferior tobacco. This type of 
injury is responsible for the greater part 
of the losses caused by the tobacco stalk 
borer. In other parts of Nayarit, tobacco 
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fields were observed in February in which 
50 per cent, or more, of the plants had 
produced several suckers instead of central 
stems as a result of borer injury when 
small. In many of these fields no plants 
could be found that did not show evidence 
of borer injury. 

Larvae that hatch from eggs deposited 
after the plants are transplanted do not 
cause severe injury unless there be several 
of them in one plant. Sometimes a single 
borer may kill or weaken the center bud 


Table 1.—Insecticidal treatments applied to to- 
bacco in field experiment for control of the stalk 
borer, Santiago Ixcuintla, Nayarit, Mexico, De- 
cember 1947 and January 1948. 








TREATMENTS APPLIED ON 
DESIGNATED DaTEs 





Dec. 22 to 
Jan. 16, 
6 Treat- 


ments Jan. 23 Jan. 30 


None None 
Chlordan® Chlordan 
dust dust 
None None 
DDT dust DDT dust 


None None 


SERIES 


A DDT spray! 
B DDT dust? 
. DDT dust 
D DDT dust 

E None 





1 Four pounds of 25 per cent wettable powder per 100 gallons. 

2 Ten per cent. 

8 Prepared by diluting a 50 per cent wettable powder with 
fullers earth to obtain a dust containing 5 per cent of clordan. 
of a plant by feeding near the growing 
tip, but such injury is not common. The 
presence of a borer near the tip of even 
a large plant may weaken its growth, 
however, resulting in the production of 
suckers, but this injury is much less severe 
than that which occurs in smaller plants. 
Occasionally stems, petioles, or midribs 
are so weakened by the feeding of borers 
that they break, but breakage is not an 
important cause of damage. 

INSECTICIDE TEests.—A field of tobacco 
was set aside for insecticide tests, and an 
experiment was laid out in the form of a 
latin square. Failure to receive supplies 
prevented the carrying out of this experi- 
ment as planned, since no insecticide 
except DDT was available until late in 
January. DDT spray, 4 pounds of 25 per 
cent wettable powder per 100 gallons; and 
DDT dust, 10 per cent, were applied to 
certain plots in this field, beginning on 
December 22. Six applications were made, 
the last on January 16. After small 
amounts of other insecticides were ob- 
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tained,’ a 5 per cent chlordan dust was 
applied to a series of plots which previous- 
ly had been treated with DDT dust, and 
the DDT dust was continued on a second 
series. The treatments applied in this 
experiment are shown in table 1. 

The results of these treatments were 
evaluated by counting the stalk-borer 
eggs in a sample of plants from each plot. 
Sufficient time was allowed to elapse be- 
tween the application of the first treat- 
ment and the taking of the first samples 
for the hatching of all eggs deposited be- 
fore treatments began. The samples 
taken on January 6 consisted of ten 
plants from each plot; those on January 
20 of five plants from each plot; and those 
on February 7 of 12 inches from the top 
of each of 10 plants from each plot. The 
results of these examinations are shown in 
table 2. The number of larvae found in the 
plant samples is not shown, for many of 
these would have hatched from eggs 
deposited before treatments were started. 
There was, however, a substantial re- 
duction in the number of larvae in the 
treated plots as compared with the checks. 


Table 2.—Results of insecticidal treatments 
applied to tobacco in field experiment for control 
of the stalk borer, Santiago Ixcuintla, Nayarit, 
Mexico. December 1947 and January 1948. 








NuMBER OF Ecos PER 100 PLANTS 
on DesIGNATED Dates 





Series Jan.6 Jan. 20 Feb.7! Feb. 20! 





A 20 20 14 18 
B 32 28 2 11 
C 22 12 26 29 
D 16 24 14 15 
E 134 108 98 37 





1 Counts on these dates were based on 12 inches from the top 
of each plant in the samples. 


A final examination on February 23 
showed that DDT spray had retained its 
effectiveness longer than DDT dust. 
Chlordan dust was also more effective 
than DDT dust in preventing oviposition 
3 weeks after the last application. 

A small-scale experiment was laid out 
in a plant bed late in January, and sprays 
were applied on January 29 and February 
4, and 11. The following insecticides were 
used at the rates indicated per 100 gal- 

3 Small amounts of several insecticides were furnished by 


Dr. J. J. McKelvey, Jr., Entomologist, The Rockefeller Founda- 
tion, Mexico, D. F. 
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Table 3.—Results of the application of sprays 
to plots in tobacco plant beds for control of the 
stalk borer, Santiago Ixcuintla, Nayarit, Mexico, 
January and February 1948. 








INFESTATION ON DESIGNATED Dates 


Feb. 14 Feb. 19 








Eggs 
per 100 
Plants 


Plants 
Contain- 
ing Eggs 


Eggs 
per 100 
Plants 


Plants 
Contain- 
ing Eggs 


Per Cent 
22 10 


TREATMENT 





Per Cent 
17 


DDT 
Chlorinated 
camphene 25 32 16 
Benzene 
hexachloride 7 10 0 
Chlordan 20 25 10 
Check 42 75 35 





lons: 4 pounds of 25 per cent DDT, 
2 pounds of 50 per cent chlordan, 3 pounds 
of 50 percent (6 per cent gamma isomer) 
benzene hexachloride, and 2 pounds of 
50 per cent chlorinated camphene. Sam- 
ples of plants from these plots were 
examined for eggs on February 14 and 19, 
and the results are presented in table 3. 
Benzene hexachloride was the most 
effective material in preventing ovi- 
position, and dead borers were found in 
plants which had been sprayed with this 
insecticide. Chlordan, DDT, and chlori- 
nated camphene were less effective. 
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Caged stalk-borer beetles were fed 
upon freshly sprayed foliage taken from 
the plants in the plant-bed spray experi- 
ment. Benzene hexachloride gave the 
quickest kill of the beetles, while DDT and 
chlordan were somewhat slower. Chlori- 
nated camphene was the slowest of any 
of the insecticides in paralyzing and killing 
the beetles. 

Summary.—The tobacco stalk borer is 
a serious pest of tobacco in the State of 
Nayarit, Mexico, and causes heavy losses. 
The eggs are laid in punctures made by 
the females in plants in the plant beds and 
in the fields. The most serious injury 
results from the early infestation. Plants 
infested in the plant beds are likely to be 
killed, or to produce suckers, which inter- 
fere with their normal growth and the 
production of good quality leaf. Hosts 
other than tobacco appear to be of little 
importance in this area, and no important 
natural enemies were observed. Benzene 
hexachloride gave promising results in 
preliminary tests, while chlordan and 
DDT were somewhat less _ effective. 
Insecticide treatments in the plant bed 
are the most promising approach to 
control or reduction of losses. 
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REVIEW 


The Aphidiinae of North America (Bracon‘dae: 
Hymenoptera). By Clyde F. Smith. 154 pages, 
17 plates, 8X6} inches, 1944. Contributions in 
Zoology and Entomology, No. 6, The Ohio 
State University, Columbus, Ohio. Price, cloth 
bound, $3.50. 


This is the first comprehensive taxonomic treat- 
ment of the Nearctic aphid parasites comprising the 
braconid subfamily Aphidiinae since Gahan’s review 
of the group in 1911 (Md. Agr. Exp. Sta. Bull. 152). 
That such a revision was needed is evidenced by the 
inclusion of 28 new species among the 75 species 
recognized in this work. Names are finally available 
for these, many of which have not been recognized 
as distinct and have often been misidentified. De- 
scriptions are given for the old as well as the new 
species and these are supplemented by numerous, 
clear illustrations that are helpful in the interpreta- 
tion of the keys and descriptions. For the first time 
the female genitalia of most of our species are illus- 


trated. A complete host index is also included. The 
collection of the U. S. National Museum served as 
the principal basis for the study. The author himself, 
however, had also reared Aphidiinae extensively in 
different parts of the United States and had assem- 
bled a large amount of material with definitely 
known host records which proved an important aid 
to an understanding of species limits. 

The generic classification, with the division of 
Aphidius and Triorys into subgenera, represents a 
departure from the earlier treatment of the group. 
To the reviewer, himself a worker in the Braconidae, 
this arrangement seems to be sound and to give a 
better picture of the relationships within the sub- 
family. Considering the poor condition of much of 
the available material, including types, and the 
relative scarcity of clear-cut characters, this revision 
impresses as being a substantial contribution to our 
knowledge of an important group of insect parasites. 
—C. F. W. M. 





Experiments for Control of Onion Thrips' 


J. R. Dovatass and F. H. Suirck, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine 


The onion thrips (Thrips tabaci Lind.) 
is the major limiting factor in the produc- 
tion of onions in Idaho. Its attacks are 
sporadic, both as to season and to locality. 
With the wartime food program came the 
demand for dehydrated onion products 
for the use of the armed forces and the 
Lend-Lease. The hard, or susceptible, 
varieties of onions are the most desirable 
for dehydration. During 1942 and 1943 
this thrips caused serious losses to growers 
of onions in this area. Owing to the in- 
creased cost of production and the high 
prices received for commercial onions, 
these losses were keenly felt by the 
growers. Since no satisfactory control had 
been developed for Idaho conditions, the 
growers and dehydrators requested State 
and Federal help in developing an effec- 
tive control. 

One of the early recommendations for 
control of the onion thrips was made by 
Quaintance (1898), who advised the use 
of tobacco sprays. Many years later 
Richardson (1934) found that tartar 
emetic at 1:400 with a 3-per cent molasses 
solution was very toxic to adults of the 
gladiolus thrips Taeniothrips simplex 
(Mor.), and following this discovery 
tartar emetic sprays came into rather 
general use. Anderson & Walker (1940) 
reported that tartar emetic-brown sugar 
spray controlled onion thrips in the green- 
house, but was less effective when sprayed 
on onions in the field. The literature con- 
cerning the use of tartar emetic for con- 
trol of thrips was reviewed by Ewart et al. 
(1944). 

With the introduction of DDT, ben- 
zene hexachloride, and other new and 
highly efficient insecticides, the outlook 
for thrips control seems definitely more 
promising. Smith (1944) showed that 
DDT sprays were effective in controlling 
the onion thrips on onions and increasing 
the"yield, but at the low strengths used, 
were less effective than tartar emetic 
spray. Lange & Thwaits (1944) found that 


1 The project on thrips control is carried on in cooperation with 
the Idaho Agricultural Experiment Station. Thanks are due to 
H.C. Manis of that station for reviewing this manuscript, and to 
H. C. Hallock, K. E. Gibson, J. 5. chem H. W. Mason, and 
L. A. Winkle, Jr., of the Bureau of Entomology and Plant Quar- 
antine for assisting in the experimental work. 


DDT emulsion spray was superior to 
tartar emetic-sugar, nicotine sulfate-sugar 
and nicotine alkaloid sprays, and to a 3- 
per cent DDT dust. Lang (1946) reported 
that 3 or 4-per cent DDT dust, preferably 
with sulfur was a satisfactory substitute 
for tartar emetic spray. Chapman et al. 
(1947) found benzene hexachloride dust 
to be as effective as DDT dust or spray. 
Hoerner & Edmundson (1947) reported 
that onions sprayed or dusted with DDT 
or sprayed with a water suspension of 
benzene hexachloride yielded significantly 
more pounds of lmulbs per acre than those 
sprayed with nicotine sulfate, or those 
from untreated checks. These workers 
also found that various formulations of 
DDT were superior to tartar emetic-sugar 
sprays. 

An exploratory experiment at the Twin 
Falls, Idaho, laboratory of the Bureau of 
Entomology and Plant Quarantine in 
1945 showed that DDT was slow in killing 
onion thrips and that nicotine sulfate (40 
per cent nicotine) was faster but did 
not have the residual effect of DDT. A 
mixture of DDT and nicotine sulfate 
was therefore tested in 1946, and again 
in 1947. The 1946 experiment was de- 
signed to determine whether onion thrips 
could be controlled under southern Idaho 
conditions by weekly applications of in- 
secticides, and the 1947 experiment was 
to determine whether the onion thrips 
could be controlled by three applications 
of insecticide at 10-day intervals. This is a 
report of the two seasons’ experiments. 

Mertuops.—To obtain the most drastic 
natural exposure possible, we selected 
Southport Yellow Globe, reported by 
Sleesman (1943), as being one of the 
varieties of onions most susceptible to 
thrips. The seed was sown in 8-row plots 
50 feet long, on April 3 to 5, 1946, and 
March 20, 1947. The fertility of the soil 
was low, and the moisture was kept 
slightly on the dry side. Both of these 
conditions induce thrips injury. The 
plants were cultivated and weeded ac- 
cording to practices followed by com- 
mercial growers in the locality. In 1946 
the 8 replications of 9 treatments and in 
1947 the 6 replications of 10 treatments 
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were distributed in the randomized-block 
arrangement. 

The sprays were applied with a power 
sprayer mounted on a pick-up truck. 
Driveways were provided in the field so 
that the spray truck could be driven 
through it and the plots sprayed without 
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treatment were marked by a white flag as 
a guide to the spray operator. 

Twin Falls city water was used. As the 
spray tank was being filled with water the 
other materials were introduced through 
a medium-fine strainer when the water 
was approximately level with the agitator 


Table 1.—The control of the onion thrips on Southport Yellow Globe onions with different insec- 


ticides. 








TREAT- 
MENT 
No. 


MatTeERIALS APPLIED 


(QUANTITIES PER 100 GALLONS OF WATER) 


Tora. | 
Quantity | TurIpPs 
OF SprAY | Sur- | YIELD 
| APPLIED | vivina| Repuc-| oF 
| PERACRE| PER | TION | ONIONS 
FOR 100 | IN PER 
Season | Pants Turrps) AcrE 








Experiment in 1946 with 5 applications and 8 replicates, 


| DDT 1 Ib. (from wettable powder) plus nicotine sulfate 13 | 24 74 | 274 


1 qt. plus preparation A 8 fl. oz. 


Benzene hexachloride 5 pounds (from wettable powder) 


| DDT 1 lb. (emulsion A) 


| DDT 1 Ib. (emulsion A) plus sulfur 10 Ibs. 


| Tartar emetic 4 lbs. plus sugar 4 Ibs. 
DDT 1 lb. (from wettable powder) 





Per | 100 lb. 


| 100 gallons: Number; 
| Cent | bags 


| 

| | 

a ee 82 | 935 

a oe 74 | 220 

wa ve 76 | 219 
14 99 53 | 200 
14 47 70 | 194 


| Nicotine sulfate 1 qt. plus preparation A 8 fl. oz. 13 | 55 | 168 


| Methoxy analog of DDT 1 Ib. (from wettable powder) | 14 | 43 | 149 


| Check (unsprayed) 


| Difference required for significance (odds 19:1) 





0 41 | 123 
[oo | 43 


Experiment in 1947 with 3 applications and 6 replicates 
| DDT 1 lb. (from wettable powder) plus nicotine sulfate 7 ‘ 80 263 


1 qt. plus preparation B 4 fl. oz. 
Chlordan 1 Ib. (emulsion C) 
| DDT 1 Ib. (emulsion B) 
_ Chlorinated camphene 1 |b. (emulsion) 


77 | 256 
87 | 254 
79 | 248 


| Benzene hexachloride 5 lbs. (from wettable powder) 77 242 
DDT 1 lb. (from wettable powder) plus hexaethy] tetra- | 84 
phosphate 1 pt. plus preparation B 4 fl. oz. 


Tartar emetic 4 lbs. plus sugar 4 lbs. 


| DDT 1 lb. (from wettable powder) plus preparation C 8 


fl. oz. 


Methoxy analog of DDT 1 lb. (from wettable powder) | 


plus preparation C 8 fl. oz. 
Check (unsprayed) 


Difference required for significance (odds 19:1) 





using more than 75 feet of hose. The spray 
was pumped to the boom through a high- 
pressure hose at 275 to 300 pounds’ pres- 
sure. A light-weight iron frame to support 
the spray boom was mounted on bicycle 
wheels. This 16-nozzle boom covered the 
8-row plot at one time, with 2 nozzles per 
row. Approximately equal amounts of 
material were applied to all plots. There 
was some loss of spray in cutting the 
nozzles on and off. 

The treatments were applied in nu- 
merical order. The plots to receive a 


shaft. The accessory materials were 
added before the insecticides. The sprays 
were applied immediately after mixing, 
and agitated during the applications. Be- 
tween treatments the spray tank was 
rinsed and the material in the pump, lines, 
and hose pumped out. 

The thrips populations were determined 
on 10 plants taken at random from the 
center four rows of each plot the day the 
sprays were applied and again 4 days later. 
The method used has been described by 
Shirck (1948). 
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Insecticides tested.—In the insecticide 
sprays the following proprietary prepara- 
tions were used: 


Benzene hexachloride, wettable 50 per cent pow- 
ders containing 5 per cent gamma isomer in 
1946 and 6 per cent in 1947 

Chlorinated camphene, 50 per cent emulsion con- 
centrate 

DDT, wettable 50 per cent powder 

Hexaethy! tetraphosphate, 100 per cent (content 
of tetraethyl pyrophosphate not stated by the 
manufacturer) 

Methoxy analog of DDT, 
powder 

Nicotine sulfate, 40 per cent nicotine 

Methylated naphthalene, a mixture of di- and tri- 
methylnaphthalenes 

Preparation A, an emulsifying, wetting or spread- 
ing agent consisting chiefly of a phthalic gly- 
ceryl alkyd resin 

Preparation B, containing 80 per cent of poly- 
alkyl] ary] polyether alcohol and 20 per cent of 
isopropanol 

Preparation C, a spreader and sticker containing 
sodium sulfate of mixed long-chain alcohol, 
fatty acid esters, and diethylene glycol abietate 


wettable 50 per cent 


The following 3 laboratory-prepared emul- 
sions were tested: 

Emulsion A: DDT 1 pound, toluene 576 ml. 
preparation A 57 ml., water 3 pints. This con- 
centrate was mixed with 8 fluid ounces of prep- 
aration A and sufficient water to make 100 gal- 
lons of spray. This was tested both with and 
without sulfur. 

Emulsion B: DDT 1 pound, methylated naphtha- 
lene 900 ml., preparation B 126 ml., and water 
100 gal. 

Emulsion C: Chlordan 1 pound, methylated naph- 
thalene 450 ml., preparation B 126 ml., water 
100 gal. 


These materials were tested in various 
mixtures as shown in table 1. A mixture of 
tartar emetic and granulated sugar was 
also tested. 

Resutts.—The effectiveness of the 
treatments was based on three criteria— 
population reduction, surviving popula- 
tions, and yield. Figures 1 and @ illustrate 
the seasonal abundance of onion thrips on 
untreated onion in 1946 and 1947. The 
curve obtained in 1947 is similar to the 
1946 curve except that on July 21, 1947, 
there was a drastic decrease in population, 
the cause of which is not known. 

The residual effect of the different in- 
secticides is indicated by the changes in 
thrips populations during the 4-day 
periods of observation between the ap- 
plications as shown in figures 3 and 4 for 
1946 and 1947 respectively. In 1946 the 
lowest populations following the applica- 
tions, were in the plots treated with 
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THRIPS PER ONION PLANT 


JUNE AUGUST 
Fic. 1—Seasonal abundance of thrips on South- 
port Yellow Globe onions grown for bulbs, 1946. 
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Fic. 3.—Number of thrips per plant before and 
after applications, 1946. 


benzene hexachloride and the 4 DDT 
sprays. Of these, the DDT sprays were 
the most effective in keeping the infesta- 
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tions down until the next application. 
There were outstanding increases in 
thrips populations between July 5 and 8 
and between July 19 and 22 in the plots 
treated with benzene hexachloride. 
Figure 4 shows that after the first and 
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Fic. 4.—Number of thrips per plant before and 
after applications, 1947. 


second applications the greatest reduction 
of thrips was on plots receiving DDT 
emulsion. The methoxy analog of DDT 
gave, in general, the smallest reduction of 
thrips. There was a striking difference in 
the appearance of the sprayed and un- 
sprayed plots (Fig. 5). 

During 1946 all treatments except the 
methoxy analog of DDT gave significant 
increases in yield as shown in table 1. The 
most effective spray in this respect was 
the one that included both DDT and 
nicotine sulfate, which was significantly 
more effective than nicotine sulfate, tartar 
emetic, or DDT. 

In 1947 the results were similar to those 
of 1946, the DDT-nicotine sulfate tending 
to be the most effective and the methoxy 
analog of DDT of the least benefit. The 
untreated plots and those sprayed with 
the methoxy analog of DDT and with 
DDT in suspension yielded less than any 
of the others. Promising results were ob- 
tained with chlordan, chlorinated cam- 
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phene, and a mixture of DDT with hexa- 
ethyl tetraphosphate, but additional 
studies are necessary to show the effective- 
ness of these treatments as compared 
with such treatments as benzene hexa- 
chloride and the mixture of DDT and 
nicotine sulfate. 

The reduction in thrips populations 
and the numbers of surviving thrips are 
not very closely correlated with yields. 
Great variations in thrips infestation 
between plants lessen the value of popula- 
tion counts as an index of the effectiveness 
of insecticidal treatments when dealing 
with so variable and unstable an insect. 
It is possible that some of the insecticides 
or auxiliary materials may have directly 











Fic. 5.—Experimental plots on the control of the 
onion thrips at Twin Falls, Idaho, August 11, 1946. 
The center plot in the foreground was not sprayed 
whereas the one on the left received 5 applications of 
DDT-toluene emulsion and the one on the right 5 
applications of tartar emetic spray. 


affected the growth of the onion plant 
but this was not in evidence and will have 
to be studied in later experiments. Finally, 
for several years preceding 1945 beets 
were grown in the field where these ex- 
periments were conducted. These beets 
were grown in small plots with 30-foot 
fallow strips between plots. The resulting 
unevenness in soil fertility may have 
affected yields of onions. 

It will be noted that the insecticide 
applications were very heavy. For ex- 
ample, in 1946 as much as 14 pounds of 
DDT per acre was applied to the crop. 
Although this rate is high, it should be 
recognized that in fields where the 14 to 
20-inch rows are used, there are 31,080 
feet of row per acre as compared with 
17,650 feet of row per acre for other crops 
grown in rows 30 inches wide, where 150 
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gallons of spray is frequently necessary 
to obtain a thorough coverage of all parts 
of the plants. 

SumMARy.—Experiments were con- 
ducted at Twin Falls, Idaho, in 1945, 
1946, and 1947 on the control of the onion 
thrips on bulb onions with different in- 
secticides. Outstanding increases in yield 
were obtained with a spray containing 
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DDT and nicotine sulfate. At the 
strengths tested this spray was superior to 
nicotine sulfate, DDT, or tartar emetic. 
Promising results were obtained with 
benzene hexachloride, chlordan, chlori- 
nated camphene, and a mixture of DDT 
and hexaethy! tetraphosphate. The meth- 
oxy analog of DDT was relatively in- 
effective.—9-11-48. 
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ENTOMOLOGY-PLANT PATHOLOGY SEMI- 
NAR AT UNIVERSITY OF DELAWARE 


We are advised by Dr. L. A. Stearns of a seminar 
on the “Effect of Climate on Insects and Disease At- 
tacking Crops,” for agricultural students majoring 
in entomology and plant pathology. Supporting the 
students’ work are numerous outside lecturers who 
will cover the following subjects. 

Feb. 16—‘Soil Treatments as Affected by Tem- 
perature and Moisture’; Mr. H. W. 
Ridgway, of Innis, Speiden & Co., Phila- 
delphia, Pa. 

23—**Climate and Crops’”’; Dr. C. W. Thorn- 
thwaite, Climatologist, Johns Hopkins 
University, Baltimore, Md. 

March 2—‘‘Weather’; Mr. G. C. Anderson, Mete- 
orologist, New Castle Airport, New Cas- 
tle, Del. 

23—“*Treatments for Wood, Paper, and 

aint”; Dr. R. L. Krause, in Char,e of 
Research on Industrial Fungicides, Pest 
Control Research Section, Grasselli 
Chemicals Dept., duPont Company, 
Wilmington, Del. 

6—“‘Insect Development under Controlled 


April 
Environmental Conditions”; Dr. R. E. 


Heal, Research and Development Div., 
Merck & Co., Inc., Rahway, N. J. 
27—“The Pesticide Field in South Amer- 
ica”; Mr. Frank Rapp, Sales Supervisor, 
Naval Stores Dept., Hercules Powder 
Company, Wilmington, Del. 

4—‘*Weathering of Emulsifiers, Spreaders 
and Stickers”; Mr. J. V. Miller, Mer., 
Insecticide Dept., Atlas Powder Co, 
Wilmington, Del. 

11—“‘Sanitary Chemicals in Agriculture and 
in Industry”; Dr. F. O. Haas, Mgr., 
Sanitary Div. of Agricultural & Sanitary 
Chemicals Dept., Rohm & Haas Co., 
Philadelphia, Pa. 

18—‘‘Use of Insecticides and Fungicides un- 
der Different Climatic Conditions”; Dr. 
W. H. Tisdale, Mgr., Pest Control Re- 
search Section, Grasselli Chemicals 
Dept., duPont Company, Wilmington, 
Del. 

The courses are proving to be very popular and 
are attended by representatives of many other de- 
partments on the campus. 


May 


Control of Turnip Aphids 


GeorcE P. Wenez, Texas Agricultural Experiment Station, Weslaco 


The turnip aphid, Rhopalosiphum 
pseudobrassicae (Davis), is one of the 
major insect pests of leafy vegetables in 
the Lower Rio Grande Valley. Heavy 
infestations can ruin fields of turnips, 
radishes and mustard greens in a short 
time. Light infestations of aphids have 
been the principle reason for the rejection 
of turnip and mustard greens grown for 
fresh market and canning purposes. 

A review of the literature shows that 
very little control work has been done on 
this insect recently. Hull (1929) obtained 
from 44 to 96 per cent control of this in- 
sect with a 1.0 per cent nicotine dust. 
Allen and Harrison (1941) recommended 
from 3 to 6 applications of either a 3.0 
per cent nicotine dust or a 1.0 per cent 
rotenone dust. Isely & Miner (1946) 
obtained very good control of the turnip 
aphid with a dust containing 0.75 per cent 
gamma benzene hexachloride. Brooks 
& Anderson (1947) in laboratory tests 
found that 1 per cent gamma benzene 
hexachloride dust gave significantly better 
control of turnip aphids than did a 3.0 
per cent nicotine dust. Since the beginning 
of the last war, growers in this area have 
been using a 0.1 per cent impregnated py- 
rethrum dust with very little success. 
Creighton & Gresham (1947) found that 
a 1.0 per cent parathion dust gave 100 
per cent control of Myzus persicae (Sulz.) 
on shade-grown tobacco. 

MATERIAL AND Metuops.—lIn experi- 
ment 1, shown in table 1, the plots were 


one-fiftieth of an acre in size and arranged 
into randomized blocks. Each treatment 
was replicated four times. The treatments 
were as follows: 1.0 per cent gamma ben- 
zene hexachloride; 0.25 per cent para- 
thion; 1.0 per cent parathion; 0.1 per 
cent pyrethrins; a dust mixture containing 
0.04 per cent pyrethrins, 0.5 per cent 
rotenone and 0.5 per cent piperony! cyclo- 
hexenone; 3.0 per cent nicotine; and 
check or untreated. All insecticides were 
applied early in the morning with rotary 
hand dusters at approximately 30 pounds 
per acre. The turnips in this experiment 
were sown in rows spaced 8 inches apart. 
Due to the high soil salinity and lack of 
soil moisture these plants, 3 to 4 inches in 
height, showed little or no growth during 
the course of the experiment. 

The plots were 0.02 acre in size in ex- 
periment 2, shown in table 2, and arranged 
randomized blocks. Each treatment was 
replicated four times. The treatments 
were as follows: 0.1 per cent pyrethrins 
(impregnated); 0.04 per cent pyrethrins 
with 0.5 per cent piperonyl cyclohexe- 
none; 0.1 per cent pyrethrins with 1.0 
per cent DDT; 3.0 per cent nicotine; and 
check or untreated. All insecticides were 
applied early in the morning with rotary 
hand dusters at approximately 30 pounds 
per acre. The turnips in this field were 
sown in rows spaced 8 inches apart. The 
plants were only 3 to 4 inches in height 
and showed very little growth during the 
experiment because of high soil salinity 





Table 1.—Effectiveness of various insecticides in the field against the turnip aphid. 
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Table 2.—Effectiveness of various insecticides in the field against the turnip aphid. 





Apnip PopuLaTtion per Lear at Fottowine Days Arrer DustinG 

















1 3 7 
: Per Cent Per Cent Per Cent 
TREATMENTS Number Control Number Control Number Control 
0.1% Pyrethrins (impregnated) 35.4 27.2 31.3 84.1 73.1 0.0 
0.04% Pyrethrins plus 0.5% piperony] cyclohexenone 13.7 71.8 22.0 63.3 48.1 34.8 
0.1% Pyrethrins plus 1% DDT (impregnated) 15.8 67.4 19.1 68.1 30.9 51.8 
3% Nicotine 6.9 85.8 7.0 87.1 21.8 65.9 
Untreated 48.5 _ 59.9 —_ 64.1 _ 
Least significant difference required at: 5.0% level 21.2 32.2 24.1 
1.0% level 29.7 33.8 





Table 3.—Effectiveness of various insecticides in the field against the turnip aphid. 








Apuip PopuLaTION PER LEAFLET AT FoLLowrnG Days Arrer Dusting 




















1 3 7 
ie ; Per Cent Per Cent Per Cent 
TREATMENTS Number Control Per Cent Control Number Control 
0.5% Gamma benzene hexachloride 56.0 60.1 40.5 63.8 52.8 67.3 
% Gamma benzene hexachloride 21.3 91.2 3.4 97.0 5.3 96.7 
0.25% Parathion 22.9 83.7 6.0 94.6 35.2 79.4 
1% Parathion_ ’ 0.1 99.6 0.0 100.0 0.0 100.0 
0.1% Pyrethrins plus 1.0% DDT (impregnated) 86.3 40.5 37.3 66.8 95.5 40.8 
3% Nicotine 11.8 91.5 18.4 83.6 72.7 54.9 
Untreated 140.5 ~- 111.9 -- 161.4 _ 
Least significant difference required at: 5.0% level 29.6 17.8 66.2 
1.0% level 40.6 24.4 90.7 





and a lack of moisture. 

In experiment 3, shown in table 3, the 
plots were 0.02 acre in size and arranged 
in randomized blocks. Each treatment was 
replicated four times. The treatments 
were as follows: 0.5 per cent gamma ben- 
zene hexachloride; 1.0 per cent gamma 
benzene hexachloride; 0.25 per cent para- 
thion; 1.0 per cent parathion; 0.1 per cent 
pyrethrins with 1.0 per cent DDT; 3.0 
per cent nicotine; and check or untreated. 
All treatments were applied early in the 
morning with rotary hand dusters at 
approximately 35 pounds per acre. The 
turnips in this field were sown in rows 
spaced 8 inches apart. The turnip leaves 
were approximately 12 inches in length, 
giving the field an appearance of one 
solid mass of turnip greens. 

In experiment 4, shown in table 4, 
the plots were 0.014 acre in size and 
arranged in randomized blocks. Each 
treatment was replicated four times. The 
treatments were as follows: 0.5 per cent 
gamma benzene hexachloride; 1.0 per cent 
gamma benzene hexachloride; 0.25 per 
cent parathion; 1.0 per cent parathion; 
0.1 per cent pyrethrins with 1.0 per cent 
DDT; 3.0 per cent nicotine; and check or 
untreated. All insecticides were applied 
early in the morning with rotary hand 
dusters at approximately 15 pounds per 


acre. In this experiment the aphid infesta 
tion was on radishes which were planted 
in plant beds spaced 3 feet apart. Ap- 
proximately half the crop had been har- 
vested and the remaining plants were 
heavily infested with aphids. 

In Experiment 5, shown in table 5, 
the plots were 0.0166 acre in size and 
arranged in randomized blocks. Each 
treatment was replicated three times. The 
treatments were as follows: 0.5 per cent 
gamma benzene hexachloride; 1.0 per 
cent gamma benzene hexachloride; 0.25 


Table 4.—Effectiveness of various insecticides 
in controlling turnip aphids on radishes. 








AVE. APHIDS PER LEAF AT 
FoLLow1nG Days AFTER 


DustInG 
TREATMENTS 1 3 7 

0.5% Gamma benzene 

hexachloride 48.8 42.1 20 8! 
1% Gamma benzene 

hexachloride 30.9 12.9 8.1 
0.25% Parathion 24.6 27.4 48.9! 
1% Parathion 0.9 1.2 7.4 
0.1% Pyrethrins plus 

1.0% DDT (impreg- 

nated) 33.8 89.4 3 
3% Nicotine 41.2 75.0 2 
Untreated 110.3 118.6 2 





1 Piants dead in the fourth replicate. 
2 Plants dead. 
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Table 5.—Effectiveness of various insecticides 
in controlling turnip aphids on mustard greens. 
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per cent parathion; 1.0 per cent para- 
thion; 3.0 per cent nicotine; and check or 
untreated. All insecticides were applied 
early in the morning with rotary hand 
dusters at approximately 15 pounds per 
acre. In this experiment the aphid infesta- 
tion was on mustard greens. These greens 
were approximately 15 inches in height 
and had been planted in rows spaced 3 
feet apart. 

In experiment 6, shown in table 6, the 
plots were 0.0166 acre in size and arranged 
in randomized blocks. Each treatment was 
replicated three times. The treatments 
were as follows: 1.0 per cent gamma 
benzene hexachloride; 1.0 per cent para- 
thion; 3.0 per cent nicotine; and check or 
untreated. The insecticides were applied 
with rotary hand dusters early in the 


Table 6.—Effectiveness of various insecticides 
in controlling turnip aphids during warm weather. 








Apuip PopuLATION 24 
Hours AFTER DustING 
Per Cent 
Number Control 


‘TREATMENTS 


1% Gamma benzene 

hexachloride hil 97.4 
1% Parathion 0.0 100.0 
1% Nicotine 1.0 97.7 
Untreated 42.8 — 





morning. Due to a wind blowing about 
15 miles per hour the rate of insecticide 
application was increased to 40 pounds 
per acre. The turnips in this experiment 
were about 12 inches in height and had 
been planted in rows 3 feet apart. 

The treatments in the first four experi- 
ments were applied when the mean daily 
temperature varied between 52° and 64° 
F. This is typical of the growing season 
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for mustard greens, turnips and radishes. 
The last two experiments were conducted 
at the end of the growing season when the 
mean daily temperature was 70° F. or 
above. 

The efficiency of the various treatments 
was determined by selecting 10 leaves or 
leaflets at random from each plot at defi- 
nite time intervals after the dust applica- 
tion and then counting the surviving 
aphids. The significance of the data in the 
first three experiments was determined 
by the analysis of variance. 

Resvuuts.—The data in the first three 
tables show that during the regular grow- 
ing season of turnips in the Lower Rio 
Grande Valley a 3.0-per cent nicotine dust! 
greatly reduced the aphid population 3 
days after the treatment application. 
This reduction was not sufficient to pre- 
vent the population from increasing 
greatly between the third and seventh 
day counts. Turnip and mustard greens 
must be practically aphid free if sold for 
either canning or fresh market purposes. 
One dusting of nicotine during the regular 
growing season will not reduce the popu- 
lation sufficiently to make the greens 
acceptable for market purposes, and the 
low dollar returns of these crops make re- 
peated dusting prohibitive, especially 
since nicotine has such a short period of 
effectiveness. The data in tables 5 and 
6 show that this 3 per cent nicotine dust 
is very effective in controlling turnip 
aphids when the mean daily temperature 
is 70° F. or over. This data indicates 
that the low temperature during the nor- 
mal growing season, which varies between 
52° and 64° F., is too low for obtaining the 
most effective use of nicotine. Isely & 
Miner (1946) also point out that low 
temperatures prevented the effectiveness 
of nicotine in controlling the spinach 
aphid, Myzus persicae (Sulz.). 

The data in tables 1 and 2 show that an 
addition of 1l-per cent DDT or 0.5-per 
cent piperonyl cyclohexenone increased 
the toxicity of an impregnated pyrethrum 
dust. Aphid population counts taken 1 
and 3 days after treatment applications 
show that the 3-per cent nicotine dust was 
superior to an impregnated dust contain- 
ing 0.1 per cent pyrethrins and 1.0 per 
cent DDT. However, there was no sig- 
nificant difference in the effectiveness of 


1 Made from “Black Leaf 10 base.” 
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these two materials 7 days after treatment 
applications. Although these mixtures of 
pyrethrins plus DDT or piperony] cyclo- 
hexenone gave significant reductions in 
the aphid population, the reductions were 
not sufficient to prevent rapid re-infesta- 
tion. 

The data in the various tables show that 
benzene hexachloride, used at a 1-per cent 
gamma concentration, was very effective 
in controlling the turnip aphid. The data 
in table 1 show that this concentration 
gave very good protection to turnips 
from aphids for a period of two weeks 
during cool weather. The data also indi- 
cate that a l-per cent gamma concentra- 
tion of benzene hexachloride has a good 
residual effect when applied during the 
regular growing season. The data in 
tables 3, 4, and 5 show that 0.5-per cent 
gamma benzene hexachloride reduced the 
aphid population greatly, but this reduc- 
tion was not large enough to give good 
commercial control. No odor or taste 
contamination was detected in turnip 
greens picked and cooked one week after 
a single application of benzene hexachlo- 
ride. A single application of benzene hexa- 
chloride did not affect the taste of radishes 
harvested 1 week later. 

The data in table 1 show that a 1-per 
cent parathion dust was very effective 
in controlling turnip aphids for a period 
of 14 days. Although, the aphid popula- 
tion showed a slight increase in numbers 
between the 10 and 14 day counts, the 
data indicate that this material had not 
lost much of its residual toxicity. That 
parathion may lose its residual toxicity is 
shown in the data on the 0.25-per cent 
dust concentration. Table 1 shows that 
the 0.25-per cent parathion dust lost its 
effectiveness about 10 days after applica- 
tion. Tables 3 and 4 also show that this 
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low concentration of parathion was losing 
its toxicity within 7 days of application. 

The data in table 4 show that radishes 
heavily infested with turnip aphids can 
be saved if dusted with either a 1-per cent 
gamma benzene hexachloride or 1-per 
cent parathion dust. Lower concentra- 
tions of these dusts, as well as 3 per cent 
nicotine and the pyrethrum-DDT dusts, 
were ineffective. 

Strong winds are common in this area. 
The data in table 6 indicate that turnip 
aphids can be controlled in windy weather 
if 40 pounds per acre of an effective dust 
is applied with hand dusters. 

SumMMARY.—Experiments on the turnip 
aphid, Rhopalosiphum  pseudobrassicae 
(Davis), show that l-per cent concentra- 
tions of either parathion or gamma ben- 
zene hexachloride dusts gave excellent 
control. A 0.5-per cent gamma _ benzene 
hexachloride did not give satisfactory 
control. A 0.25-per cent parathion dust 
gave good aphid control but did not have 
the residual effectiveness of the 1-per cent 
concentration. The data indicate that 
parathion in low concentrations loses its 
residual toxicity in 7 to 14 days. 

A 3-per cent nicotine dust greatly re- 
duced the aphid population for about 3 
days, but the surviving aphids rapidly 
increased. The data indicate that the 
turnip growing season is too cool for 
obtaining the most effective use of a nico- 
tine dust. 

Additions of 1 per cent DDT and 0.5- 
per cent piperonyl cyclohexenone in- 
creased the toxicity of a 0.1-per cent pyre- 
thrum dust. However, the control ob- 
tained was not good enough for commer- 
cial purposes. A mixture of 0.1 per cent 
pyrethrins and 1 per cent DDT was just 
about as effective as a 3-per cent nicotine 
dust 7 days after application. 
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Biology and Control of the Seed-Corn Maggot 
on Beans in New York 


S. S. Risticn and H. H. Scuwarpt, Cornell University, Ithaca, N. Y. 


The seed corn maggot, Hylemyia cili- 
crura Rondani injures bean, pea and corn 
seedlings before the plants emerge, by 
tunneling into the cotyledons or by 
damaging the growing tip. It also attacks 
seedling melons, potato seed pieces, and 
a wide variety of other seedling plants. 

The two years of work on the biology 
and control, summarized in this paper, is 
divided into three parts: (1) attempted 
controls with treated seed and soil, (2) 
possible flavor hazards in treated beans, 
(3) rearing techniques. Schwardt & Patel! 
made preliminary tests against the mag- 
gots with DDT and benzene hexachloride 
seed treatments, with negative results. 
Turner (1945) got unsatisfactory results 
using DDT and a fungicide? as a seed 
treatment. Huckett (1947) showed some 
improvement over checks when the seeds 


1 Unpublished data. 
2 Srergon, 


were dusted with the fungicide. The only 
recently published data on the biology of 
Hylemyia cilicrura is that of Reid (1940). 
However, Reid was unable to rear the 
flies through successive generations. 
Mertuops AND MATERIALS FOR CON- 
TROL.—Plot sizes for the seed treatments 
and dust treatments varied in area from 
100 to 600 square feet. Most of the experi- 
ments had at least four replicates. Except 
for one test each with white marrow and 
yellow wax beans, all the work was done 
with red kidney beans. A 5 per cent methyl 
cellulose solution was the adhesive used 
for sticking the toxicants to the seed. Six 
hundred and fifty cubic centimeters of the 
solution were poured on a bushel of beans, 
and thoroughly distributed by shoveling. 
The dust was then sprinkled on through a 
sieve and thorough coverage obtained by 
more shoveling. The toxicant is more 
uniformly distributed if the beans are 
treated in 20-pound lots. The dusts were 


Table 1.—Summary of soil treatments against the seed corn maggot, Hylemyia cilicrura, on red 


kidney beans in Victor, New York. 











No. No. AVERAGE CoNnTROL- 
TREATMENTS AND Las. Dust Pants InsuRED PER CENT OvER 
AND Dusts PER ACRE COUNTED PLANTS InsuRY CHECK 
May 27, 1948 

Benzene-hexachloride 38% gamma and 

25% other isomers 132 1610 112 6 13% 
Benzene hexachloride 3% gamma and 

25% other isomers 66 1618 131 8 11 
5% Chlordan 40 1726 182 10 9 
5% Chlordan 80 1615 131 8 11 
5% Toxaphene 40 1742 341 19 0 
5% Toxaphene 80 1771 322 18 1 
Untreated check -- 1653 322 19 — 

June 1, 1948 

Untreated check as 1361 320 23.9 — 
5% Toxaphene 40 1433 379 23.6 0.3 
5% Toxaphene 80 1329 298 22.4 1.5 
5% Chlordan 40 1569 248 15.8 8.1 
5% Chlordan 80 1639 127 07.7 16.2 
Benzene-hexachloride 3% gamma and 

25% other isomers 33 1274 374 29.6 —5.7 
5% DDT 80 1362 283 20.7 $. 

August 10, 1948 

Untreated Check - 1021 502 49.1 — 
5% Chlordan 40 1034 433 41.8 7.8 
5% Chlordan 80 1110 312 28.1 21.0 
Benzene-hexachloride 3% gamma-Isotox 33 1042 317 30.4 18.7 
Benzene-hexachloride 3% gamma-Isotox 66 1112 166 14.8 34.3 
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spread on the soil by shaking from a 
quart ice cream carton containing the 
required amount of dust for the plot. 
Equally spaced bands of dusts were 
distributed and redistributed over the 
plots by frequent recrossings. The dusts 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 42, No. 1 


seed was prepared about three weeks be- 
fore planting. 

Meruops AND MATERIALS FoR REAR- 
ING.—Two types of cages were selected 
for rearing the adults; (1) a glass cylinder 
12 inches high and 4 inches in diameter, 


Table 2.—Summary of the residual toxicity of dusts applied to the soil as a control for the seed 
corn maggot, Hylemyia cilicrura, on red kidney beans in New York. (Planted September 7, 1948) 


Dusted August 10, 1948.) 








Lbs. 

Dust 

PER 

TREATMENT ACRE 
Untreated check = 
5% Chlordan 40 
5% Chlordan 80 
Benzene-hexachloride 3% gamma-Isotox 33 
Benzene-hexachloride 3% gamma-Isotox 66 





No. No. CONTROL 
PLANTS INJURED Over 

CouUNTED PLANTS INJURY CHECK 

931 175 18.7% = 

948 36 3.6 15.1% 

952 37 3.9 14.8 

665 126 18.9 0 

719 105 14.5 4.2 





were further worked into the soil, before 
the beans were planted, with a garden 
cultivator or by the planter. 

Most of the dusts used to treat the seeds 
were also used in the soil treatment tests. 
In the 1947 experiments with treated 
seed, two dusts were tried, a wettable 
benzene hexachloride powder containing 
6 per cent of the gamma isomer and 44 per 
cent of the other isomers, and a 50 per 
cent wettable DDT powder. 

Seeds were coated with the benzene 
hexachloride at the rate of 4, 8 and 16 
ounces per bushel, whereas the DDT was 
applied at 8, 16, and 24 ounces per bushel 
of seed. 

In the 1948 experiments with treated 
seed, three dusts were tried, a 5 per cent 
wettable chlordan, a 5 per cent toxa- 
phene, a 6 per cent benzene hexachloride! 
and a fungicide’—(tetrachloro-parabenzo- 
quinone,. The chlordan and toxaphene 
were used at one-fourth and one-half 
pounds per bushel of beans; the diluted 
benzene hexachloride 1 and 2 ounces per 
bushel, and the fungicide, at three ounces. 

For the soil treatments, five dusts were 
tried, (1) two dosages of benzene hexa- 
chloride,—a 3 per cent gamma and a dust 
with a 3 per cent gamma isomer, plus 25 
per cent other isomers; (2) 5 per cent 
wettable DDT; (3) 5 per cent toxaphene; 
(4) 5 per cent chlordan. Exclusive of the 
white marrow beans and the residual 
toxicity plots, all plots were dusted the 
day the beans were planted. The treated 


1 Based on Jsotoz. 
2 Spergon. 


open at both ends; (2) a cylindrical copper 
wire cage 15 inches high and 6 inches in 
diameter. The glass cylinders were covered 
at the top with three thicknesses of 
cheesecloth, and set in a dish or on a piece 
of board. The females oviposited in 2-inch 
salve cans filled with sterilized greenhouse 
soil or with sand. Three diets are being 
tested for the adults: 
1. A 10 per cent buckwheat honey 
solution. 
2. A 10 per cent buckwheat honey 
solution and moistened fish meal. 
3. A 10 per cent buckwheat honey 
solution and chopped earthworms 
(from a compost pile). 


The honey solution was placed in a 
small Comstock bottle with a cotton 
wick; a small amount of moistened fish 
meal (previously prepared and kept in the 
refrigerator) was placed in the ovi- 
position can, as were the chopped earth- 
worms. The old food was replaced every 
third day or sooner. Salve cans were 
checked every day for the eggs. If the 
eggs were found, the contents of the can 
were dumped into a sieve and sifted into 
a flat “‘shuttlebox.” The sifted soil was 
then shuttled back and forth to expose the 
eggs. These eggs were brushed into small 
pieces of green blotting paper and placed 
in a jelly dish or wide-mouth quart jar, 
together with the larval food and some 
sterilized greenhouse soil. No satisfactory 
medium for large scale rearing has been 
formulated, but in the media listed below 
from 30 to 95 per cent of the larvae in 
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some of the replicates of each diet 
pupated. 
1. Presoaked dogfood'! and stringbeans 
(entire pod). 
2. Mixture equal parts of dogfood and 
fish meal (very moist and prepared 


in advance). 
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132 pounds per acre offered no better con- 
trol than the medium dosage of 66 pounds 
per acre. Even the lower dosage when 
carefully dusted, worked into the soil, and 
applied near enough to planting time, 
offered good control, as table 1 shows, 
Nevertheless, their use may be restricted, 


Table 3.—A summary of flavor and odor tests on red kidney beans grown on soils treated with the 





following dusts. 





LBs. PER 


Dust Usep AND ACRE 


(Victor, New York) 


Benzene-hexachloride 3% gamma and 


25% other isomers 132 
Benzene-hexachloride 3% gamma and 

25% other isomers 66 
5% Chlordan 80 
5% Chlordan 40 
5% Toxaphene Sv 


Untreated check 


ProP_LeE DETEctT- 
ING FLAVOR 


Pror.e Derect- 
ING Opor 


Weak 


Weak 





(Flint, New York) 


5% Chlordan 80 
5% Chlordan 80 
Benzene-hexachloride 3% gamma 

Isotox 33 


Untreated check — 


Nat. Mod. Strong Nat. Mod. Strong 
5 5 6 1 1g 2 
g 9 4 + 9 3 

13 2 1 15 1 0 
IS 2 1 12 4 0 
5 0 1 16 0 0 
5 0 1 16 0 0 
12 0 0 7 5* 0 
12 0 0 9 3 0 
8 2 Q 7 5 0 
10 2 0 11 1 0 





* Weak. 


3. Dogfood, bran, fishmeal, oathulls 
equal parts plus a half-cake of yeast, 
a tablespoon of malt, about 500 ce 
of water per 400 gms. of the mixture. 

t. Alfalfa meal, oathulls, fishmeal one 

part each, bran 2 parts plus a half- 
cake of yeast, a tablespoon of malt, 
about 500 ce. water per 400 gms. of 
the mixture. 

Larvae developed and pupated at 
temperatures ranging from 54° to 77° F. 
Pupaé were placed in jelly dishes contain- 
ing moistened sand. When the puparia 
began to darken, they were placed in 
vials, three pupae to a vial. This transfer 
to the vials is necessary, inasmuch as the 
females can be easily distinguished from 
the males when they are transferred to 
the cages. 

RESULTS FROM THE CONTROL WoRK.— 
Data from the treated seed plots is still 
too preliminary for use in recommenda- 
tions for control. Of the dusts tested as 
soi! treatments, benzene hexachloride and 
chlordan gave consistent control over the 
checks; however, benzene hexachloride at 


1 Gaines. 


due to the flavor imparted to the dried 
beans. Table 4 shows that the benzene 
hexachloride did not impart a_ strong 
flavor in the fresh yellow wax beans. The 
tests for residual toxicity of these dusts 
prove that the toxicity of benzene hexa- 
chloride is significantly reduced in approxi- 
mately a month. In contrast, the chlordan 
dust was consistently better than the 
check, even when applied one month 
before planting. Beans grown in chlordan- 
treated soil apparently do not develop 
detectable off-flavors or odors. If ana- 
lytical work now in progress shows that 
chlordan is not absorbed, then it may be- 
come recommendable for maggot control. 

REARING ResuLts.—Seed-corn maggot 
adults will mate and oviposit in the labo- 
ratory if the buckwheat honey solution is 
supplemented by the fish meal or chopped 
earthworms, and if the flies are kept in the 
glass cylinders described. As this paper 
is being written, the F2 generation is ovi- 
positing. As many as 150 fertile eggs per 
female can be expected. However, the 
average for the Fl females was about 
50 eggs. The preoviposition period in the 
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Table 4.—A summary of flavor and odor tests on yellow wax beans grown on soils treated with the 
following dusts. (Ithaca, New York). 














PropLe Derect- Propie Derectr- 
ING Opor ING FLAVOR 
LBs. PER Weak Weak 
Dust Usep anp ACRE Nat. Mod. Strong Nat. Mod. Strong 
5% Chlordan 80 13 1 0 10 4 0 
Benzene-hexachloride 38% gamma-Isotox 33 12 2 0 9 5 0 
Benzene-hexachloride 3% gamma-Isotox 66 10 t 0 9 5 0 
Untreated check — 14 0 0 9 o 0 
. Weak. 


F1 generation, fed upon honey and meal corn maggot. Chlordan and benzene 
or honey and worms, ranged from 11 to — hexachloride dusts used as soil treatments 
30 days; whereas in the F2 generation, 9 reduced maggot injury, however, the 
to 16 days was the range, with a higher benzene hexachloride had a limited resid- 
frequency around thirteen days. These ual toxicity usefulness. Both insecticides 
data are from cages where the daylight imparted a flavor to dried beans; however 
greenhouse temperature was not carefully the chlordan flavor was not detected 
controlled. Between 10 a.m. and 3 P.M., consistently by the tasters. Seed corn 
the temperature was as high as 90°F., but’ =maggot adults will mate and oviposit in 
for the remainder of the 24 hour period, it the laboratory if the buckwheat honey 
remained at 70°, plus or minus 3. solution is supplemented with moistened 

SumMMARY.—Seed treatment gives little fish meal or chopped earthworms; and 
promise as a control measure for the seed if the adults are kept in the cages de- 

scribed. 
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Loss in Yield of Dent Corn Infested with the August 
Generation of the European Corn Borer! 
H. O. Dray, Purdue Agr. Expt. Sta., Lafayette, Ind., L. H. Patcu, U.S.D.A., Agr. Res. Adm., Bureau 


of Entomology and Plant Quarantine, and R. O. SNELLING, formerly of U.S.D.A., Agr. Res. Adm., 
Bureau of Plant Industry, Soils, and Agricultural Engineering 


Most of the studies on the resistance of 
dent corn to the European corn borer, 
Pyrausta nubilalis (Hbn.), have con- 
cerned themselves with the numbers of 
larvae maturing in different inbred lines 
and hybrids from given numbers of eggs 
placed on the strains by hand. Patch et al. 
(1942, 1945) have published the results 
obtained with the single-generation strain 
of the borer which hatches in late June 
and early July. 

Other studies on resistance have in- 
cluded measurements of the ability of dif- 
ferent hybrids to withstand breakage 
under given infestation of the second gen- 
eration of the multiple-generation strain 
of borers—.e., to tolerate the borer. One 
such study of a group of hybrids showed 
that, as the breakage below the ear in the 
absence of borers increased from 0.2 to 
25.0 per cent of the stalks, the additional 
breakage caused by each additional borer 
in the stalk below the ear increased by 
linear regression from 2.30 to 11.55 per 
cent.? One of these hybrids showed the 
possibility of having some tolerance be- 
cause breakage due to additional borers 
did not increase as rapidly as predicted. 

Studies by Patch and others (1942) on 
the single-generation borer in Ohio have 
considered borer tolerance in the sense 
that after the proper discounts have been 
made for differences in yield due to other 
causes one hybrid outyields another hy- 
brid under an equal infestation of borers. 
The rates at which the bushel yields of 
shelled corn by different hybrids were re- 
duced by each additional borer per plant 
were calculated in 149 tests. In only four 
of these tests, two of which were on the 
hybrid Ill. A XInd. TR, were reductions 
found to be significantly less than those 
predicted on the basis of regression on 
yield in the absence of borers. The yield of 
this hybrid should have been reduced 
3.67 bushels per acre for each additional 


Purdue University Agr. Expt. Station Journal Paper No. 
370, 
_? Stalk Breakage of Dent Corn Infested with the August 
Generation of the European Corn Borer, by L. H. Patch, H. O. 
Deay, and R. O. Snelling. (Unpublished Manuscript). 
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borer per plant had it reacted according to 
prediction. Actually its yield was reduced 
an average of 2.35 bushels per borer per 
plant. Apparently a few hybrids are able 
to maintain their yields in the presence 
of borers to a greater degree than other 
hybrids of equal yielding capacity. 

It is the purpose of this paper to present 
data obtained in 1944-1946 on the loss in 
yield under artificial infestation in August 
coincidental with the second generation 
of the multiple-generation strain of the 
corn borer, and to point out one inbred 
line that in single-cross hybrids has the 
ability to maintain yields under borer in- 
festation better than four other lines. 

Loss or YIELD IN 1944.—Sixteen single- 
cross hybrids were compared in a planting 
made May 28, 1944, near Lafayette, 
Indiana. Seven-fold replicated plots of six 
six-hill rows were used. The three-plant 
hills were 40 inches apart each way. The 
date of silking was recorded on a tag 
attached to the plants when silks began 
to show. Rows numbered 1 and 2 were 
subjected to natural infestation only, 
rows 3 and 4 had three egg masses placed 
on each plant in addition to the natural 
infestation, and rows 5 and 6 received six 
egg masses per plant. The egg masses were 
obtained in quantity from moths reared 
in the laboratory. By this method small 
disks of waxed paper each bearing an egg 
mass are pinned on the plants just before 
the eggs hatch. The eggs hatched from 
August 4 to August 11 or an average of 3 
days after the hybrids began to show silks 
near the peak of natural infestation on 
August 10. 

Beginning the second week in Septem- 
ber single plants were taken from rows 1, 
3, and 5 from each plot of each hybrid and 
dissected to determine the number and 
size of borers surviving and their location 
in the plants. The second time over the 
plots rows 2, 4, and 6 were sampled. This 
alternation in taking the samples was re- 
peated until the eighth sample was dis- 
sected on October 5. Since newly hatched 
larvae are sometimes blown by the wind 
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to adjacent hills, fewer borers were found 
in plants from row 1 than row 2 and from 
row 3 than row 4. This was so because 
row 1 in a plot was always next to row 1 
in an adjacent plot and hence was farther 
away than row 2 from the rows receiving 
3 additional egg masses. Also row 3 was 
farther away than row 4 from the rows 
receiving 6 masses. 
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yields at each borer level were determined 
from the total number of plants remaining 
in the seven replications after the samples 
had been taken to determine borer popu- 
lations. This total varied from 84 to 96 
plants according to the hybrid. Yields 
were put into terms of bushels per acre, of 
shelled corn containing 15.5 per cent 
moisture. The naturally infested rows 1] 


Table 1.—Reduction in yield of shelled corn of single-cross hybrids by August generation of the 


European corn borer, Lafayette, Ind., 1944. 








Repuction IN BusHELs 
PER AcrE BY Eacu 





BusHELs PER AppITIONAL BorER 

MEAN MEAN ACRE IN PER PLAN’ Days 

NUMBER BusHELS Auaenas OF — AFTER 

OF PER Borers On Basis On Basis Jury 31 

Borers ACRE on Basis of Regres- of Regres- © WueEn 

Ree IN PREs- or X, Y sion of sion of PLANTS 

PLANT ENCE OF AND B Y and X B and A SILKED 

SINGLE-CRoss i Borers 
Hysrip (X) (Y) (A) (B) (B’) 
Ind. PaXIa. L317 6.57 72.9 88.5+2.76 2.40+ .364 2.13 6.7 
Ind. P8XIa. L304A 6.88 77.2 87.8+2.68 1.58 + .333 2.10 3.0 
Ind. TRXIIl. Hy 9.56 56.5 80.0+2.80 2.46+ .254 1.80 3.6 
Ind. P8X Ill. R4 7.41 59.3 73.6+2.96 1.93 + .352 1.56 4.6 
Ind. P8X Kan. K230 8.05 62.6 70.7+2.82 1.02 + .306 1.45 4.0 
Ill. R4XIa. L317 6.75 $7.7 65.4+3.00 1.15+ .394 1.25 4.4 
Ind. WF9XInd. P8 6.37 58.8 63.0+1.65 0.69 + .224 1.15 2.9 
Ind. WF9XIa. L317 6.31 57.3 62.8+1.61 0.87+.219 1.1 +.0 
Ill. AXC.I. 187-2 8.26 52.3 57.4+1.61 0.64+ .167 94 3.9 
Ind. WF9X Kan. K230 6.05 47.9 §7.3+1.79 1.58+ .262 94 0.9 
Ia. PRX Ind. 38-11 8.86 48.3 56.8+1.60 0.95+ .155 92 7.3 
Ill. R4X Kan. K230 6.00 19.8 54.54+1.77 0.80 + .262 83 1.0 
Ind. WF9XIll. A 6.06 47.5 54.2+1.70 1.19 + .245 .82 0.9 
Ind. WF9XC.I. 187-2 7.62 48.9 53.6+1.57 0.62+ .174 80 3.6 
C.I. 187-2 Ill. R4 6.65 43.1 7 3-1 77 0.63 + .236 55 3.9 
Ind. WF9X Ill. R4 6.04 $2.3 $5.8+1.57 0.50+ 221 50 2.3 
Mean 7.09 55.2 63.7+0.55 1.18+ .069 1.18 3.8 
A preliminary analysis of the data and 2 for all hybrids averaged 62.0 bushels 


showed that the three persons dissecting 
the plants were about equally expert in 
finding all the borers, and that the size 
and location of the borers were about the 
same in the plants receiving the additional 
egg masses by hand as in the plants that 
received natural infestation only. An ex- 
amination of the field in early July showed 
a very low natural infestation by the first 
generation of moths, hence the natural 
infestation in rows 1 and 2 was almost 
wholly caused by the August generation 
of moths, and differences in yield between 
hybrids were due almost entirely to differ- 
ences in degree of infestation by that gen- 
eration. 

The ears were harvested during the 
period from October 13 to 18, and the 


per acre, a yield somewhat below the aver- 
age yield for other years. 

The linear regression (B) for each hy- 
brid of the yield per acre (Y) on number 
of borers per plant (X) was calculated by 
using the six pairs of data available from 
rows 1 to 6. In calculating this regression 
the number of borers in the entire plant 
on September 9 was used because many 
of the larvae disappeared from the plants 
after September 9 and even small larvae 
feeding on the leaves are known to cause 
material reduction in yield. The number 
of borers per plant on September 9 was 
estimated for each borer level of each hy- 
brid on the basis of the regression of num- 
ber of borers per plant on date of plant 
dissection. Yields in the absence of borers 






































a] 
ig 
es 
u- 
6 
ds 
of 
nit 


he 








February 1949 Day er AL.: YIELD OF CoRN INFESTED WITH CORN BorRER 83 


(A) were calculated on the basis of the 
regression coefficients (B), the mean num- 
bers of borers per plant (X), and the mean 
yields (y). The regression of B on A was 
calculated in order to determine in what 
way loss in yield in the presence of borers 
might be associated with yield in the ab- 
sence of borers. The values of B’ were 
calculated on the basis of regression on B 
on A. Table 1 gives these estimates and 
the standard errors of A and B. 


the corresponding reductions in yield 
caused by each additional borer varied 
from 2.13 to 0.50 bushels, or from 2.41 to 
1.09 per cent. These percentages when 
compared with 1.85, the expected per- 
centage, show that the yield of the higher 
yielding hybrids were reduced more than 
expected. The same phenomenon has been 
observed in numerous other experiments. 
The greater loss suffered by the high yield- 
ing hybrids was not enough to offset the 


Table 2.—Differences in yield of single-cross hybrid dent corn between hills infested naturally 
with about 0.9 European corn borer per plant and hills averaging agout 9.0 borers per plant from 
additional hand infestation in August, Lafayette, Indiana, 1945. Averages of supplementary data are 


given also. 








INBRED a 
LINES AS 


eT es : 
Parents Ind. WF9 Ind.WF9A Ind. P8_ Ill. Hy. — Ia. L317 





Supplementary Data (Means are Ill. Hy. 

for same groups of hybrids as the Ind. 38-11 

means of differences in yield) Ind. B2 
Ind. WF9 
Ind. WF9A 





Mean 


Bushels per Acre Yield of Hills Mean 
Infested Naturally 





Borers per Plant in Hills with Mean 
Additional Eggs 

Days after July 31 when Hybrids Mean 
Silked 


Inbred Lines Compared in Single-Cross Combination 


DIFFERENCES IN YIELD-BUSHELS PER ACRE 














15.2 20.2 14.5 
13.8 12.6 5.5 29.2 23.0 
21.5 6.2 15.1 26.2 23.1 

7.9 15.2 30.6 

13.0 20.2 23 .3 
16.8 13.0 11.7 

10.4 22.7 25.0 
83.6 85.5 82.7 

$4.1 86.4 84.9 
10,42 7.75 9.17 

9.25 10.13 8.06 
7.4 8.9 11.1 

9.7 9.5 11.4 





The average yield of all 16 hybrids was 
plotted on cross section paper against the 
average number of borers per plant in each 
of the six rows. The plotted points devi- 
ated by less than a bushel from a straight 
line fitted to them. It thus appeared 
that the yield of shelled corn decreased 
by linear regression from 62.0 to 50.0 
bushels per acre as the number of bor- 
ers per plant increased from 1.35 to 
11.49 or the reduction in yield was at the 
rate of 1.18+.069 bushels per acre per 
borer per plant. In the absence of borers 
it is estimated the average yield would 
have been 63.7 bushels per acre. The yield 
was reduced, therefore, 1.85 per cent per 
borer per plant. 

The values of A in table 1 show that 
the estimated yields in the absence of 
borers varied with the hybrid from 88.5 to 
45.8 bushels and values of B’ show that 


advantage in yielding ability they had 
over the low yielding hybrids, for under 
an infestation of 10 borers per plant the 
respective yields would have averaged 
about 67.2 and 40.8 bushels per acre. 

Five hybrids had line Ind. P8 as one of 
the parents (Table 1). The three hybrids 
having Ia. L304A, Kan. K230 and Ind. 
WF9 crossed on P8 had their yields re- 
duced an average of 1.08 + .168 bushels per 
acre per borer per plant compared with 
1.57, the predicted average. Taking into 
consideration the standard errors of B’ 
not given in table 1, the difference of 
0.49 +.188 bushel is significant with odds 
of at least 49 to 1. On the other hand the 
reductions in yield of P8XR4 and 
P8 X L317 were more, but not significantly 
more, than the predicted amounts. 

Loss or YIELD IN 1945.—The favorable 
performance of the P8-hybrids in 1944 
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was repeated in another experiment con- 
ducted in 1945 when Indiana inbred lines 
P8, WF9, and WF9A were compared with 
each other in single-cross combinations on 
common parents and lines P8, Ill. Hy, and 
Ia. L317 were compared with each other 
in the same way. Thirty hybrids were 
planted May 25 in 10-hill, 4-fold repli- 
cated plots with three plants per hill. Five 
hills in each plot were infested naturally 
with an average of 0.93 borer per plant and 
5 hills receiving 6 additional egg masses 
per plant by hand between August 6 and 
13 averaged 9.04 borers per plant. The 19 
hybrids considered in this study silked 
between August 6 and 13. The data, in- 
cluding average yields under natural infes- 
tation and the difference between yields 
under natural and hand infestations, are 
given in table 2. 

Table 2 shows that the yields of the 
groups of P8- hybrids were reduced less 
by the borer than those of the other 
groups. The P8- hybrids, silking August 
11, had their yields reduced 11.7 bushels 
by 9.2 borers per plant or 1.27 bushels 
per borer whereas the WF9- hybrids, 
silking August 7, had their yields reduced 
16.8 bushels by 10.4 borers per plant or 
1.62 bushels per borer. The difference of 
1.2 borers is not significant. If the WF9- 
hybrids had silked 4 days later, at the 
same time as the P8- hybrids, it is prob- 
able their yield reduction would have 
been greater than 16.8 bushels. Since the 
two groups showed about the same yield- 
ing ability (82.7 versus 83.6 bushels) the 
comparison is not affected because of 
level of yield. 

Another group of P8-hybrids had its 
yield reduced 10.4 bushels or about 1.11 
bushels per borer compared with 22.7 and 
25.0 bushels or about 2.25 and 3.09 bushels 
per borer for the Hy- and L317-hybrid 
groups, respectively. The differences in 
yielding ability, in number of borers per 
plant, and in dates of silking are so small 
that they could not have had much effect 
on the comparisons. From these consid- 
erations it appears that in the 1945 as 
well as in the 1944 experiment the group 
of P8-hybrids possessed an inherent a- 
bility to maintain yield in spite of the 
borers to a greater extent than the groups 
of WF9-, Hy-, and L317-hybrids. The 
poor performance of the L317-hybrids in 
1945 may explain the more-than-predicted 
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loss in yield of hybrid P8X L317 in 1944. 

Twenty-four of the 30 hybrids planted 
on May 25, 1945, were studied with re- 
spect to the effect that level of yield and 
date of silking had on the percentage re- 
duction in yield. The P8-group of hybrids 
and hybrid WF9A X B2 in table 2 were 
not included. First, the regression of the 
yield from the hills infested by hand on 
the yield from the hills infested naturally 
was calculated. The yields were averages 
of the 4 replications. The yield from the 
hills infested by hand was predicted on the 
basis of this regression for each hybrid. 
Six groups of 4 hybrids each were made 
according to the yield of the hybrids under 
natural infestation. Then the average 
yields under natural and hand infestations 
the average number of borers per plant 
from both methods of infestation, and the 
average date of silking were determined 
for each group. Also the yield in the ab- 
sence of borers was estimated by plotting 
those yields against the numbers of borers 
per plant and extending to zero borers 
the line that passed through the plotted 
points. With these data at hand the reduc- 
tion in yield in bushels per acre per borer 
per plant and the reduction in yield as a 
percentage of the estimated yield in ab- 
sence of borers were calculated. Similarly 
data were obtained for 6 groups made up 
from 26 double-cross hybrids grown in the 
same field in 2X10-hill, 4-fold replicated 
plots planted about the same time as the 
single crosses. The data from both lots of 
hybrids are given in table 3. 

Table 3 shows that the estimated yield 
in the absence of borers and the reduction 
in yield as a per cent of this yield of group 
1 of the single crosses are nearly equal to 
those values of group 1 of the double 
crosses. Also, the respective values of 
group 2 of the single crosses are nearly 
equal to those of group 2 of the double 
crosses and those of group 5 of the single 
crosses are nearly equal to those of group 
3 of the double crosses. In fact, with the 
exception of group 6 of the single crosses, 
the plotted points of the 12 groups fall 
closely around the regression line of per 
cent reduction in yield on estimated yield 
in absence of borers. Hence the single- and 
double-cross hybrid groups were consid- 
ered as one set in calculating the regression 
of per cent reduction in yield on estimated 
yield in absence of borers. Leaving out 
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group 6 of the single crosses. The per cent 
reduction in yield increased by linear re- 
gression from 1.37 to 3.93 per borer per 
plant as the estimated yield in the ab- 
sence of borers increased from 66.8 to 92.9 
bushels per acre. Including group 6 the 
percentages become 1.66 and 3.85, re- 
spectively. The last column in table 3 
shows that date of silking varied little 
from group to group and hence could have 
had little effect on the above percentages. 
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—Another experiment planted May 24, 
1945, included 45 late white single-cross 
hybrids in single row plots. Half of the 
plants in each plot were infested by hand 
with six egg masses per plant and the other 
plants became infested with an average of 
2.5 borers per plant from natural infesta- 
tion. Three groups of 15 hybrids were 
made according to the date of silking. The 
mean number of borers per plant and an 
estimate of the reduction in yield caused 


Table 3.—Percentages of reduction in yield of dent corn single-cross and double-cross hybrids by 
the August generation of the European corn borer when the hybrids are grouped according to their 


yielding ability, Lafayette, Indiana, 1945. 








EstimaTEpD YIELD 


REDUCTION IN YIELD 


Per 





Under Borers As a Per Days AFTER 
Hand CAUSING Borer Cent of Yield JuLY $1 
Group In Absence Infesta- REDUCTION per in Absence WHEN PLants 
No. of Borers tion IN YIELD Plant of Borers SILKED 
Bushels Bushels Number Bushels 
per Acre per Acre per Plant per Acre Per Cent Number 
Single-Cross Hybrids 
1 92.9 65.1 7.48 3.72 4.00 8.7 
g 89.6 63.5 8.78 2.97 3.31 9.3 
3 87.0 61.8 7.90 3.19 3.67 9.3 
$ 84.1 60.5 9.65 2.45 2.91 yey 
5 81.0 58.8 10.43 2.18 2.63 9.0 
6 67.8 51.0 10.03 1.67 2.46 9.7 
Double-Cross Hybrids 

l 90.6 66.8 6.53 3.64 4.02 10.9 
2 89.4 68.7 6.89 3.00 3.36 10.4 
3 80.0 65.4 6.78 2.15 2.69 11.4 
t 74.6 63.6 7.01 1.57 2.10 10.1 
5 71.0 61.5 6.86 1.38 1.94 10.3 
6 66.8 60.5 7.09 0.89 1.33 10.8 





With the use of the same method as be- 
fore, 6 groups of 4 single-cross hybrids 
each were made up according to their 
date of silking and the data calculated. 
The per cent reduction in yield increased 
by linear regression from 2.76 to 3.54 per 
borer per plant as the date of silking in- 
creased from 6.4 to 12.8 days after July 
31. Although the regression is positive, 
as expected, it is not statistically signifi- 
cant with a t-value of only 1.79 for the 4 
degrees of freedom available. The range 
in silking date among the double crosses 
Was not great enough to permit a similar 
study, 22 of the 26 hybrids silking within 
3 days. 

Oruer EXPERIMENTS IN 1945 AND 1946. 


by borers in each group are given in table 
4. 

In 1945 and 1946 several plantings of 
double-cross hybrid Ind. 610B with pedi- 
gree (WF9XHy) (AXL) were made with 
6-fold replication in plots containing 8 
rows of 12 hills or 36 plants. The 6 inside 
rows were used. Three rows of the May 
30, 1945, planting were infested naturally 
with 1.83 borers per plant and on the other 
three rows, in addition to the natural in- 
festation, varying numbers of egg masses 
were put on by hand in late June to coin- 
cide with the first generation of the mul- 
tiple-generation strain and again on 
August 10 to coincide with the second gen- 
eration of that strain. Plant dissections 
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were made on July 23 to 25 to count the 
borers before they had pupated, again on 
August 8 to 10 to determine the number 
that did not pupate, and again on Septem- 
ber 11 and 12 and October 2 to 4 to count 
both generations of borers. It was deter- 
mined that 36.3 per cent of the borers 
came from June eggs and 63.7 per cent 
from eggs put on in August; and that most 
of the 79 per cent of the June borers which 
disappeared from the plants between July 
25 and August 8 did not pupate. 





Vol. 42, No. 1 


the two experiments, hybrids with poten- 
tial yields of 66.8 bushels per acre would 
have had their yields reduced 1.21 bushels 
per acre or 1.81 per cent per borer per 
plant and this reduction increased to 2.61 
bushels or 2.95 per cent as the potentia! 
yield increased to 88.5 bushels per acre. 
The late white hybrids having potential 
yields of 68.5 and 83.5 bushels per acre in 
1945 had those yields reduced 2.76 and 
2.90 bushels per acre or 4.03 and 3.47 per 
cent per borer per plant. 


Table 4.—Reduction in yield of shelled corn by August generation of the European corn borer 


Lafayette, Ind., 1945 and 1946. 








EstimMaTep YIELD 


HATCHING OF 
EGGs WITH 


REFERENCE TO In Ab- 

DATE OF SILKING OF sence of 
PLANTING PLANTS Borers 
at. 

per Acre 


Repu CTION IN YIELD 


Asa 
Under BorErRS Per Cent 
Hand CAUSING of Yield 
Infesta- REDUCTION Per Borer in Absence 
tion IN YIELD! Per Plant of Borers 
Bu wiry N umber Bushels 
per Acre per Plant per Acre Per Cent 








Late W hite Single- C ross Hybrids 


May 24, 1945 3 days before 83.2 


5 
May 24, 1945 5 days before 79.4 
May 24, 1945 9 days be fore 68.5 





May 30, 1945 3 days afte 3 118.6 
June 11, 1945 4 days before 107.0 
May 21, 1946 2 days before 123.4 
May 31, 1946 6 days before 118.1 


June 10, 1946 12 days before 108.0 


8.4 2.90 3.47 


59.1 
57.2 7.9 2.81 3.54 
47 


.8 7.5 2.76 4.03 


69+ .277 


101.2 10. 3? 1 1.42 
88.2 8.0 2.35 + .326 2.20 
114.1 4.8 1.062.577 1.57 
107.3 4.2 2.57+ .3823 2.18 
100.5 $3.3 2.27+.700 2.10 





1 For hybrid Ind. 610B the number of borers is an average of three plots with varying numbers of borers per plant. 
2 Only 63.7 per cent of the borers were August generation and 36.3 per cent were June generation, most of which disappeared from 


the plants before they silked on August 7. 


The other plantings of Ind. 610B were 
infested by hand with additional egg 
masses to coincide with the second genera- 
tion of the multiple-generation strain. The 
borers found in the rows receiving addi- 
tional eggs were almost wholly of the 
August generation. The mean number of 
borers per plant and the reduction in 
yield caused by the borers on each plant- 
ing are given in table 4. The numbers of 
borers causing reduction in yield are aver- 
ages of the rows receiving additional eggs. 

Discussion.—Potential yields in the 
absence of borers of 88.5 and 66.8 bushels 
per acre were common to the single- and 
double-cross hybrids of the 1944 and 1945 
experiments. On the basis of the regression 
data already given and as an average of 





In general, the hybrids having the eggs 
hatch earliest in the development of the 
plants suffered the greatest reduction in 
yield. Since the borers in these hybrids 
had a longer time to feed before the critical 
period of ear production and were larger, 
therefore during the period of ear pro- 
duction these late silking hybrids would 
be expected to suffer a greater reduction 
in yield from this cause alone. 

It is emphasized that the use of the 
yield losses reported herein for estimating 
losses on the basis of country-wide survey 
data would underestimate the actual losses 
if the time the survey is made is not con- 
sidered. During September and early 
October, while plants were being dissected 
to determine the borer population re- 
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ported herein, a pronounced decrease in 
the numbers of borers was observed, a de- 
crease much more than the dead borers in 
the plants would indicate. For example, 
on September 9 an average of 10.1 borers 
per plant were found in the 16 single 
cross hybrids tested in 1944. Each day 
until September 26 an average of 
2.10+0.106 per cent of the borers disap- 
peared, leaving 6.5 borers per plant on 
September 26. The losses in yield reported 
herein were determined on the basis of 
borer populations before many of the 
borers disappeared from the plants. 

It should be noted also that the use of 
the yield losses for estimating losses on 
the basis of country-wide survey data 
would overestimate the actual losses if the 
borers mature later in the development of 
the corn than in the experiments reported 
herein. For example, in the locality of the 
1945 experiments 50 per cent of the eggs 
laid by the moths in nature were laid by 
August 25. In the case of hybrid Ind.610B 
the eggs placed on the plants by hand 
hatched August 10. Ind. 610B probably 
suffered a greater reduction in yield per 
borer per plant than was suffered by the 
corn in farmers’ fields. 

SuMMARY.—Different plots of hybrid 
corn were infested by hand with varying 
numbers of corn borer egg masses to coin- 
cide with the natural infestation of the 
August generation of the multiple-genera- 
tion strain of the corn borer. On the basis 
of the resulting different numbers of borers 
per plant the rates at which the yields 
were reduced and the potential yields in 
the absence of borers were estimated by 
regression methods. The rates were then 
expressed as percentages of the potential 
yields. 

Single-cross hybrids with potential 
yields ranging from 45.8 to 88.5 bushels 
were tested in 1944 and another lot of 
single and double crosses with potential 
yields ranging from 66.8 to 92.9 bushels 
were tested in 1945. As an average of the 
two lots hybrids with potential yields of 
66.8 bushels per acre lost 1.21 bushels or 
1.81 per cent of their yield per borer per 


plant and this loss increased by linear 
regression to 2.61 bushels or 2.95 per cent 
as the potential yield increased to 88.5 
bushels. Under an infestation of 10 borers 
per plant the 88.5-bushel hybrid would 
have outyielded the 66.8 bushel hybrid 
by 7.7 bushels. 

In the 1944 experiment, three hybrids 
involving line Ind. P8 crossed on Ia. 
L304A, Kan. K230, and Ind. WF9 had 
their yields reduced an average of 1.08 
bushels per acre by each additional borer 
per plant compared with 1.57 bushels, the 
predicted average. In 1945, three hybrids 
involving line P8 crossed on Ill. Hy, Ind. 
38-11, and Ind. B2 had their yield re- 
duced about 1.27 bushels per borer per 
plant compared with 1.62 bushels for hy- 
brids involving line WF9 crossed on the 
same lines. Also, four hybrids with P8 
crossed on 38-11, B2, WF9 and WF9A 
had their yield reduced about 1.11 bushels 
per borer per plant compared with 2.25 
and 3.09 bushels for hybrids having Hy 
and Ia. L317, respectively crossed on the 
same lines. Evidently, line P8 is borer- 
tolerant in the sense that it has the ability 
to maintain yield in single-cross combina- 
tion better than other lines. 

In 1945, commercial hybrid Ind. 610B 
planted on May 30 and June 11 had its 
potential yield of 118.6 and 107.0 bushels 
per acre reduced 1.69 and 2.35 bushels or 
1.42 and 2.20 per cent, respectively per 
borer per plant. In 1946, the same hybrid 
planted on May 21, 31, and June 10 had 
its potential yield of 123.4, 118.1 and 108.0 
bushels per acre reduced 1.94, 2.57, and 
2.27 bushels or 1.57, 2.18, and 2.10 per 
cent, respectively, per borer per plant. 

In 1945, groups of late white single cross 
hybrids with potential yields of 68.5 and 
83.5 bushels per acre had those yields re- 
duced 2.76 and 2.90 bushels or 4.03 and 
3.47 per cent, respectively. Since the lar- 
vae in these hybrids had a longer time to 
feed than in the other hybrids before the 
critical period of ear production they 
would be expected to suffer a greater re- 
duction in yield than the other hybrids. 
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The discovery (Annand et al. 1944) that 
DDT was highly effective against the 
European corn borer, Pyrausta nubilalis 
(Hbn), prompted many research workers 
to use this new insecticide against the 
borer. Experiments conducted during 
1944 and 1945 revealed the fact that 
DDT was superior to the accepted corn 
borer insecticide, rotenone, but still left 
much to be desired. An attempt to in- 
crease the effectiveness of DDT dusts 
motivated the authors to formulate and 
test various DDT dust mixtures against 
the corn borer during the 1946, 1947, and 
1948 seasons. 

During the course of these experiments, 
many new insecticides were released for 
testing and certain of these were included 
in our experiments in hopes of finding a 
better corn borer insecticide than DDT. 

Metuops AND MartertAts.—All of the 
experimental work was conducted at 
Rochelle, Illinois, on sweet corn grown for 
processing. The large acreage of sweet corn 
in the vicinity of Rochelle requires a plant- 
ing season from the middle of May until 
the last of June. Such a sequence of plant- 
ings provides an opportunity to conduct 
experiments on both generations of corn 
borer. However, the dust comparisons 
made on the earliest company planted 
corn (Golden Cross) in 1946 and 1947 did 
not prove very successful because of the 
low borer populations. The authors made 
an earlier planting of four sweet corn 
varieties in 1947 in order to have a better 
test plot for certain comparisons. A first 
generation test was not attempted in 1948 
because of the poor results obtained dur- 
ing the two previous years. Late June 
plantings of canning corn (88 day yellow) 
on the other hand, provided us with good 
experimental fields for the study of dust 
formulations. 

Throughout these tests, a Niagara 
Even-Feed duster was used to apply ma- 
terials. The 12 flexible tubes were arranged 
to have two nozzles over each of six rows. 
This dusting equipment was found to be 
ideally suited to experimental dusting be- 
-ause of its ability to deliver dust at a uni- 

1 Associate Entomologist, Il]. Nat. Hist. Survey. 


2 Entomologist and Head, Ill. Nat. Hist. Survey and Ill. Agr. 
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form rate across large size plots. The dus- 
ter was mounted on a detasseling machine 
(Bigger et al. 1947). This high clearance 
carrier was necessary for second genera- 
tion treatments on sweet corn 7 to 8 feet 
in height. One aerial dusting experiment 
is reported to show the superiority of para- 
thion over DDT. 

There was no standard plot design used. 
The two tests in 1946 and the second gen- 
eration test in 1947 had duplicated plots 
ranging from 0.17 to 1.11 acres in size. 
The first generation test in 1947 consisted 
entirely of single block treatments, each 
block being 1.6 acres. In sampling the 
borer population from these experiments, 
at least four dissections were made in 
each treatment. The 1948 test, which con- 
sisted of 13 treatments, was a randomized 
block design with four replicates. 

The 1947 evaluation of insecticides on 
four varieties of canning corn was a three- 
replicate design incorporating eleven buf- 
fer rows between the 6 row plots. Our 
experience during 1946 (Decker et al. 
1947) indicated that untreated plots in a 
dust experiment failed to serve their pur- 
pose unless precautions were taken to 
eliminate or reduce contamination from 
drifting dust. 

The formulations studied varied in 
diluents and additive materials rather 
than in the concentration of DDT itelf. 
Five per cent DDT was the concentration 
used except for the inclusion of one 10 
per cent dust in the 1948 trials. From the 
many dust diluents on the market, the 
following were selected for comparison: 
Eastern magnesia tale, pyrophyllite, and 
clay. Eastern magnesia tale was the com- 
mon diluent used in the remaining 5 per 
cent DDT dusts. A non-volatile methy]- 
naphthalene solvent was added to DDT 
dusts at rates of 3, 5, and 10 per cent. In 
another dust, 3 per cent S.A.E. 10 oil was 
used in place of the methyl-naphthalene. 
To make the fifth impregnated dust a 
volatile solvent, methylene chloride, was 
employed to dissolve and impregnate 5 
per cent DDT onto the tale carrier. 

Four DDT dusts were formulated with 
dry supplemental materials in the hope 


* Attapulgus. 
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Table 1.—Comparison of dust formulations for corn borer control. 
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of enhancing the residual deposit of toxi- experiment are shown as footnotes in | 
‘ant. One of these ingredients was a pack- tables 1 and 2. In most of the early ex- | 
ing house byproduct called hemoserum, periments, the dosage rate was held below | 
which was used at 2 per cent concentra- what is commonly recommended so that 
ion. In 1948, the manufacturers of this control differences between dusts might ( 
product processed a hemo-serum sticker be more apparent. Rates were raised to a 
containing only one-half of the original more practical level during the 1948 test I 
material in an inert carrier. This latter for the final evaluation. ( 
product was used during the last season Resuits.—Three years testing of 5 per ( 
at 4 per cent strength, thus making itcom- cent DDT formulated with various dil- | 
parable to the original 2 per cent hemo- uents and additive materials failed to 
serum addition used all three years. show consistent differences between the 
The two remaining 5 per cent DDT dusts. The DDT dust blended with 2 f 
dusts were processed with 5 per cent soy per cent hemoserum showed some advan- . 
flour and 20 per cent conditioned dusting — tage in the second, third and fourth tests, 
sulphur. but not in the first and fifth experiments 
Three chlorinated hydrocarbons other (Table 1). The showing made by this dust : 
than DDT were tried in certain of the — in the fourth (second generation 1947) ex- 2 
tests. These included DDD, methoxy- _ periment should be given special consider- : 
chlor, and chlorinated camphene, all of ation since this experiment had the highest . 
which were used at 5 per cent concentra- borer population of the three years. The 
tion. A 1 per cent rotenone dust was in- — surviving population of corn borers after W 
cluded in the two 1947 experiments. the use of 5 per cent DDT plus 2 per cen a 
n 
Table 2.—Evaluation of three dusts on early planted canning corn, 1947. ‘ 
ee Borers PER 100 Puants 8/1 Per Cent Conrrou fc 
; Arp. oes ee aes eee aa os ~ gl Be p 
Sweet Corn Days To 5% 40% 1% Dirr. 5% 40% 1% 

VARIETY MaTurIiry DDT Ryania Rotenone Untreated 5° LeveL DDT Ryania Rotenone el 
Early yellow | 80 | 33.3 | 26.7 | 633 | 193.3 | 383.0 | 73.0 | 78.3 | 48.7 U 
Golden Cross 84 26.7 13.3 33.3 153.3 54.8 82.6 91.3 78.3 w 
Late yellow 88 53.3 23.3 63.3 146.7 63.2 63.7 84.1 56.9 
Country Gentle- sk 

man 92 70.0 43.3 143.3 266.7 68.8 73.8 83.8 46.4 Ww 
Average a 5.8 | 2.6 | 75.8 | 178.5 | as | 8.4 | 57.6 Vi 
Pounds set eae 38.3 2 38.9 , 16. -_ - 
al 
st 
Dusts made from ground stems of hemoserum in test four was the lowest eX 
Ryania speciosa Vahl. have been found to of all DDT treatments and significantly di 
be highly effective against the corn borer lower than DDT in Eastern magnesia di 
(Pepper & Carruth 1945). In our tests, tale without the sticker. In fact most of m 
Ryania was tested principally as a 40 per the DDT-tale dusts containing additive 4 
cent dust, but during the last season 20 materials were more effective than di 
and 30 per cent dusts were included also. — straight DD'T-tale dust. Likewise in this di 
In one 1947 test, a 40 per cent impreg- same test, the clay used as a diluent was ce 
nated Ryania dust was compared with — superior to either pyrophyllite or Eastern pe 
the regular mechanically mixed dust of magnesia tale as diluents. Why these rela- we 
Ryania. Only one Ryania formulation was — tionships did not remain the same in the 
tried in which a supplemental material other four tests which had lower borer be 
was incorporated. This was a 40 per cent populations is hard to explain. “ 
dust plus 4 per cent hemo-serum sticker. The addition of methylnaphthalene or pl 
In the 1948 test a 2 per cent parathion lubricating oil to DDT-tale dust did not ph 
dust was included for the first time. This show any advantage except in test four Cx 
new insecticide was available in 1947 but where the 3 per cent S.A.E. 10, oil addi- tre 
the quantities at that time were not tion to the dust resulted in significantly ce 
sufficient for large plot experiments. better borer reduction. An_ interesting a 
‘O 


The rates of dust application for each 


point was brought out in test 2 (second 
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generation 1946) where the non-volatile 
methylnaphthalene was used at a concen- 
tration of 10 per cent. The borer popula- 
tion following the use of this dust was un- 
expectedly high. It is thought that such a 
high content of oily material impaired the 
physical properties of the dust and poor 
distribution was the limiting factor in 
control. The application of DDT as a 10 
per cent dust at 15 lbs. per acre gave some- 


Table 3.—Comparison of parathion and DDT 
for corn borer and earworm control, 1948. 











CorN Ear- 
Borers WORMS 
Dust 100 PLAaNts | 100 PLANTS 
2% parathion 2 appl. 156 472 
2% parathion 1 appl. 216 584 
5% DDT 2 appl. 660 276 





what poorer control than 5 per cent DDT 
at 30 Ibs. per acre, but the difference was 
not significant. 

The use of methoxychlor in tests 1 and 
3 revealed the inferiority of this chemical 
for corn borer control. Chlorinated cam- 
phene and dichloro depheny!]-dichloro- 
ethane showed somewhat better control 
than methoxychlor but neither one did as 
well as DDT. However, the borer survival 
shown for chlorinated camphene in test 4 
was not significantly higher than the sur- 
vival resulting from the use of DDT-tale. 

Mechanically mixed Ryania-tale dust 
at 40 per cent concentration was the out- 
standing insecticide used throughout these 
experiments. A comparable experimental 
dust made by impregnating Ryania on the 
diluent was significantly poorer than the 
mechanically mixed dust. The addition of 
4 per cent hemo-serum sticker to Ryania 
dust did not show any advantage. Re- 
ducing the Ryania content to 30 and 20 per 
cent resulted in poorer control than the 40 
per cent strength, but the differences 
were so close as to be insignificant. 

The superiority of Ryania for corn 
borer control was demonstrated also in 
our 1947 test of three insecticides on early 
planted canning corn (Table 2). Four ap- 
plications were made of the three insecti- 
cides commonly used for corn borer con- 
trol during recent years; namely 40 per 
cent Ryania, 5 per cent DDT and 1 per 
cent rotenone. On each of the four sweet 
corn varieties, Ryania gave better control 


than DDT which in turn was superior to 
rotenone in all cases. 

The first trial with parathion (1948) 
showed that 0.6 lb. of the insecticide per 
acre per application resulted in a lower 
borer population than obtained with 1.5 
lbs. of DDT. However, due to the experi- 
mental error inherent in large plot testing 
against a low borer population, we were 
unable to show a significant advantage for 
parathion over DDT. 

A large plot evaluation of parathion 
was conducted during 1948 against the 
second generation borer on sweet corn. 
Parathion at 2 per cent concentration was 
applied by plane at 33 lbs. per acre. One 
three acre plot had one application August 
24 and another three acre plot received ap- 
plications August 24 and 30. An adjoining 
plot was aerial dusted twice with five per 
cent DDT at 35 lbs. per acre. The results 
obtained by dissecting 25 plants at ran- 
dom from each plot on September 10 are 
shown in table 3. While parathion gave 
outstanding control of the corn borer in 
this test, its effectiveness against corn 
earthworms was very disappointing. 

Foliage samples were collected at inter- 
vals following the applications of para- 
thion. These samples were dried and sent 
to the U. S. Bureau of Entomology and 
Plant Quarantine for residue analysis. 
Silage made on September 25 from the 
parathion treated corn was analyzed No- 
vember 5 for a final determination. The 
results of these analyses are given in 


Table 4. 


Table 4.—Parathion residues in p.p.m. on 
sweet corn foliage following applications for corn 
borer control (2% Parathion—33 Ibs./acre). 











TREATMENT Dates 





Aug. 24 Aug. 24 & 30 
Date - —--- - — 

FouiaGE Dry Green Dry Green 
COLLECTED Wgt. Wet. Wet. Wet. 

Aug. 26 6.85 1.12 6.85 1.12 

Aug. 30 0.4 0.07 | 0.4 0.07 

| (Before Tr.) 

Aug. 31 — — | 6.2 1.02 

Sept. 7 0.4 0.07 1.25 0.20 

Sept. 16 0.7 0.11 | 0.6 0.10 

Nov. 5 

(Silage sample) 0.02 





These data show a parathion residue of 
6 to 7 p.p.m. of dry weight or 1 p.p.m. of 
green weight on corn foliage a day or two 
following the application of 0.67 lbs. of 
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parathion per acre in dust form. One week 
later only 10 to 20 per cent of this residue 
remained. 

The parathion found in silage was at a 
very low level. However, the 0.02 p.p.m. 
in silage is not directly comparable to the 
other single treatment determinations 
because the latter residues were found on 
leaves exclusively while the silage included 
leaves and stalks but not the ears and 
husks. The weight added to the silage by 
the stalks would tend to depress the rela- 
tive amount of toxicant because this part 
of the plant would retain very small 
amounts of dust in comparison with the 
foliage. 

SumMaAry.—Three years of experience 
with insecticidal dusts for corn borer con- 
trol on canning corn showed 40 per cent 
Ryania to be the most effective treat- 
ment. Parathion at 2 per cent concentra- 
tion showed exceptional promise during 
the final year. Five per cent DDT was 
found to be more effective than equal 
concentrations of dichlorodiphenyl di- 
chlorothane chlorinated =camphene, 
methoxychlor and 1 per cent rotenone. 
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Host-Plant Sources of Lygus Spp. Infesting the 
Alfalfa Seed Crop in Southern Arizona 
and Southeastern California 
L. L. Stirr, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine'* 


Damage by plant bugs of the genus 
Lygus to the alfalfa-seed crop in the im- 
portant seed-producing areas has become 
evident during recent years. Sorenson 
(1932) was the first to show that injury by 
Lygus bugs to alfalfa flowers results in a 
variable amount of flower fall, depending 
on the population and length of exposure. 
In later studies (1939) he confirmed his 
earlier observations and also showed that 
the blighting of alfalfa buds and shrivel- 
ing of alfalfa seeds were caused by their 
feeding. Stitt (1940) reported significant 
positive correlations between Lygus popu- 
lations and flower fall and also between 
Lygus numbers and brown or damaged 
alfalfa seed in southern Arizona and 
southeastern California. Histological and 
field studies by Carlson (1940) showed 
the physiological reactions of the alfalfa 
plant to Lygus infestations. Shull and 
Fisher (1941) reported that a definite 
relation between Lygus populations on 
alfalfa at the beginning of the blossoming 
period and seed production occurred in 
Idaho. Wilkinson (1941) stated that Lygus 
is one of the worst pests of alfalfa seed in 
Utah. 

The purpose of the studies herein re- 
ported was to determine the importance 
of the different host plants as sources of 
Lygus populations in the main alfalfa- 
seed-producing areas of southern Arizona 
and southeastern California. Lygus migra- 
tions from other host plants to alfalfa- 
seed fields were observed every year from 
1935 to 1942. When these migrations were 
of sufficient magnitude, damage to the 
alfalfa-seed crop was severe, and many 
crops were a failure. The studies showed 
what plants furnish habitats favorable for 
the development of high Lygus popula- 
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tions that migrate into and damage the 
main alfalfa-seed crop, which develops 
during the period from late in April to 
the early part of July and which is most 
attractive to the bugs during May and 
June. The information obtained was use- 
ful in the experimental community cul- 
tural program for the control of Lygus 
bugs in the alfalfa-seed fields of the Mo- 
hawk area in Arizona (Stitt 1941). 

Three species of Lygus—namely, L. 
hesperus Knight, L. oblineatus (Say), and 
L. elisus Van Duzee—are of economic im- 
portance in the alfalfa-seed fields of south- 
ern Arizona and southeastern California. 
L. elisus has been of minor importance, 
however. Stitt (1940) showed that ap- 
proximately 90 per cent of the Lygus col- 
lected in alfalfa-seed fields during the 
years 1935-37 were L. hesperus, about 8 
per cent were L. oblineatus, and the re- 
mainder, or less than 2 per cent, were L. 
elisus. Recent changes in cropping prac- 
tices have apparently caused a change in 
the percentage of Lygus species in some 
alfalfa areas. Where sugar beets were 
grown for seed, or where Polygonum argy- 
rocoleon Steud. was abundant in flax fields, 
a recent increase of these crops gave rise 
to a corresponding increase of L. obli- 
neatus in adjoining alfalfa-seed fields. In 
Yuma County, Arizona, during 1940 and 
1941, over 50 per cent of the Lygus exam- 
ined in some alfalfa-seed fields in May 
and early in June were L. oblineatus. How- 
ever, late in June and early in July, when 
L. hesperus populations increased and 
reached their peak, the percentage of L. 
oblineatus decreased. 

Metnops AND MarTeriats.—Lygus 
population counts on individual species of 
plants were obtained by sweeping with a 
15-inch insect net. The preferred number 
of sweeps per record was 100, but the 
actual number ranged from 10 to 500, de- 
pending on the size of the area covered 
by the host-plant unit. One sweep con- 
sisted of one movement of the net from 
right to left, or the reverse, either through 
the tender or the flowering parts of the 
plants. Stitt (1940) found Lygus popula- 
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tions most abundant on alfalfa during the 
flowering stage of plant development; and 
found that both adults and nymphs prefer 
to frequent the buds, flowering parts, and 
tender terminal parts of the plants. There- 
fore, in the investigation here reported 
the plants were swept mainly during the 
budding and flowering stages. Care was 
exercised to sweep only pure stands of the 
different species, except where there was 
a general mixture of desert annuals, and 
records were kept accordingly. 

The data from this investigation were 
obtained during the period 1936 through 
the first half of 1942. Most of the sweep- 
ings were taken in Yuma and;Maricopa 
Counties of Arizona and in the Bard area 
in Imperial County of California. About 
80 per cent of the alfalfa seed produced in 
Arizona in grown in Yuma and Maricopa 
Counties. 

Data were recorded on location and 
date of sweeping, name and habitat of 
plant, number of sweeps, number of 
Lygus adults and nymphs taken per 
sweep, and total number of Lygus col- 
lected. The information has been sum- 
marized in table 1 by plant species or 
mixtures of species. The mixtures con- 
sisted of several species growing together 
or of pure stands of single species that 
were so limited that less than 10 records, 
or 1,000 sweeps, were obtained from them. 
The 40 species or groups do not represent 
all the plants on which the three species 
of Lygus were found in the study areas, 
but do include all the common and widely 
distributed plants that have a relation 
to Lygus populations in alfalfa-seed fields 
of southern Arizona and southeastern 
California. 

The areas studied included two natural 
divisions, “desert” and “river valley.” 
The desert consisted of upland terraces 
and mesas. The river valleys consisted of 
almost level, alluvial land of fairly recent 
formation and included both irrigated and 
unirrigated habitats. The main alfalfa- 
seed crop is grown on the irrigated river- 
valley lands. Data on Lygus populations 
on different plants are assembled in table 
1 according to population densities, the 
principal habitat of each plant or plant 
group being indicated in column 1. 

Resutts.—From plants other than 
alfalfa a total of 1,195 records were ob- 
tained in which 26,817 Lygus were cap- 
tured in 134,361 sweeps, or an average of 
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20 bugs per 100 sweeps. Of the records 
792 were obtained in river-valley areas 
and 403 in desert areas. A_ total of 
24,432 bugs were captured, or an average 
of 32.7 per 100 sweeps on plants in river- 
valley areas, as compared with a total of 
2,385 captured, or an average of 4 per 100 
sweeps in desert areas. Using either globe- 
mallow (Sphaeralcea spp.) or all plants 
swept in a habitat, the Lygus populations 
were approximately eight times greater 
on the plants in the river valley than on 
the plants in the desert. The records on 
globemallow in both habitats were as 
follows: 3975 sweeps in river-valley areas 
gave an average of 23.7 bugs per 100 
sweeps, and 3200 sweeps in desert areas 
gave an average of 2.7 per 100 sweeps. 
Similar records obtained by making 
41,300 sweeps on alfalfa grown for seed 
gave 27,128 adults and 64,788 nymphs, or 
an average of 222.6 Lygus per 100 sweeps. 
The nymphal populations on alfalfa 
(Medicago sativa L.), Basia hyssopifolia 
(Pall.) Ash., vetch (Vicia spp.), sugar beet 
(Beta vulgaris L.) Chinese-pussley (Helio- 
tropium curassavicum var. oculatum (Hel- 
ler) Johnston), horseweed, (Erigeron can- 
adensis L.), and Aster exilis Ell. indicate 
the suitability of these plants as hosts of 
Lygus. 

The species of plants are grouped in 
table 1 according to average populations 
of Lygus per 100 sweeps, with a summary 
for each species. Of the groups of plants 
on which the population was less than 1 
Lygus per 100 sweeps, 7 were in the desert 
and 4 were in river-valley areas. Popula- 
tions averaged 1-10 bugs per 100 sweeps 
ot 12 species or mixtures, 6 of which were 
in desert and 6 in river-valley areas. Nine 
out of 12 species or mixtures from which 
10-100 bugs were taken per 100 sweeps 
were in river valleys, 2 were in the desert, 
and 1 was present in both habitats. All 
the average Lygus populations of more 
than 100 bugs per 100 sweeps were ob- 
tained on species growing in river valleys 
Of the 40 species or mixtures of species 
listed in table 1, 15 were found predomin- 
antly in the desert, 24 in the river valleys, 
and 1 (globemallow) in both habitats. 
Fourteen of the 24 species or mixtures 
growing in the river valleys yielded 10 or 
more Lygus per 100 sweeps, whereas only 
3 of the 16 species or mixtures growing in 
the desert yielded 10 or more Lygus per 
100 sweeps, and none of these were 
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Table 1.—Average populations of Lygus spp. on different plants at time of budding and flowering 
as indicated by net sweepings during years 1936-1942. 








NAME OF PLANT Common Name! 


AVERAGE 
PER 100 
ToraL Sweeps 


Recorps SwWEEPs Aputts Nympus 





Saltbush 


Atriplex spp. 
Chaenactis spp. 
Cynodon dactylon 
Franseria dumosa 
Larrea tridentata 
Lesquerella gordoni 
Prosopis juli flora 
Salsola kali var. " tenwifolia Tausch 
Suaeda torreyana 
Desert annuals 
Small grains and flax 


Bermuda Grass 
White bur-sage 
Creosote bush 
Common mesquite 
Russian thistle 


Sand verbena 
Desert-marigold 
Brittlebush 


Abronia spp. 
Baileya spp. 

Encelia farinosa 
Franseria deltoidea 
Helianthus annuus 
Malva parviflora 
Matricaria matricarioides 
Medicago hispida 
Melilotus indica 
Rumez spp. 

Sonchus spp. and Lactuca spp. 


Pineapple-weed 
Bur-clover 
Sourclover 

iock 


lettuce 


Desert perennials 


Actinea odorata 
Amaranthus spp. 
Chenopodium murale 
Dithyrea wislizeni 
Bassia hyssopifolia 
Geraea canescens 
Oligomeris linifolia 
Palaforia linearis 
Sisymbrium trio 
Sphaeralcea spp. 
Vicia spp. 

Weedy mixtures 


Pigwee 


Spanish-needles 


Gichomaliew 
Vetch 


Sugar beet 


Beta vulgaris 
Horseweed 


Erigeron canadensis and Aster erilis 
Heliotropium curassavicum var. ocu- 
latum 
Polygonum argyrocoleon 
Medicago sativa 


IRV 


IRV 
IRV 


Chinese-pussley 


Alfalfa’ 


Sow thistle and wild 


Fragrant-bitterweed 


Nettleleaf goosefoot 


Less than 1 Lygus per 100 sweeps 
50 1 


Seorouvocoor 


83 
14 


a 
ceocovouronoco 


98 
11 
29 


VIA CK GO Oe 
SS KUCH KNSCUHKOS 


2,250 


17 
37 


1,775 
4,830 


From 10 to 100 Lygus per 100 sweeps 
5,635 1,470 , 252 3,722 
1,575 126 40 166 
3,061 736 576 1,312 
225 176 289 465 

25 410 435 
758 726 1,484 
539 414 953 
183 155 

1,478 1,745 

695 334 

89 247 
722 631 


NSOURSOHBDHOSUE 


5 "075 


Over 100 aa per 100 sweeps 
306 2,913 
2,777 


a 2, 
1,560 345 2, 232 178. 
166.3 
176.5 
222.6 


720 
1,317 
27,128 


1,510 
1, 535 
41,300 


1,791 
1,392 
64,788 


2,511 
2,709 
91,916 





! Authority for common names: Kearney, T. H., and R. H. Peebles. Flowering plants and farms of Arizona, U. S. Dept. Agr. Mise. 


Pub. 423, 1,069 pp., 1942. 


? Plants predominantly in the desert areas, RV, those in unirrigated river-valley areas, D, and IRV, those in irrigated river-valley 


area 
3 Seed alfalfa only. Does not include sweepings from alfalfa grown for hay. 


among the 5 species or mixtures (includ- 
ing alfalfa) that yielded more than 100 
Lygus per 100 sweeps. It is thus apparent 
that, as potential sources of Lygus infest- 
ing alfalfa, the host plants in the river- 
valley areas were much more important 
than those in the desert, both because of 
the higher populations they harbored and 
because of their proximity to it. 
Discussion.—Plant growth in the un- 
irrigated areas of southern Arizona and 
southeastern California is limited by the 
amount and season of rainfall. Peak Lygus 
populations were present on plants in the 
flowering stage of development. Lygus 
dispersals from host plants to alfalfa-seed 
fields from late in April through June 
caused the most serious damage to the 
main alfalfa-seed crop. Desert vegetation, 


during years of average rainfall, was 
usually maturing and unsutitable for in- 
creases of Lygus populations before the 
latter part of April, and the average in- 
festation on this type of plant growth was 
very low, only 4 bugs per 100 sweeps. These 
populations were not large enough for 
migrations that could be detected, and 
they probably were not a factor in causing 
serious damage to the alfalfa-seed crop. 
Heavier than normal rainfall during the 
winter and spring caused a more luxuriant 
and later maturing desert vegetation, 
which produced higher Lygus populations. 
Only one notable Lygus migration was 
observed from strictly desert plants into 
alfalfa fields during the development of 
the seed crop. This migration occurred in 
May 1941 in the Mohawk area of Yuma 
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County, Ariz. A comparative study of the 
data from this investigation and of rain- 
fall records for 71 years indicates that 
only occasionally is development of desert 
plants and Lygus populations synchro- 
nized well enough with an attractive stage 
of alfalfa growth to cause damaging Lygus 
movements from desert plants to the 
main seed crop. 

Data on sweepings indicated that the 
unusual movement of Lygus in 1941 was 
coming mainly from Geraea canescens 
Torr. and Gray, which was growing 
abundantly on the desert land surround- 
ing the Mohawk alfalfa-seed-producing 
area. The plants were maturing, the sec- 
ond-generation Lygus were reaching the 
adult stage, and the populations were 
rapidly decreasing on the desert plants 
during the period of rapid increase of the 
bugs on alfalfa. L. hesperus comprised a 
majority of the Lygus adults in both 
habitats. G. canescens was observed in 
limited acreages during other years, but 
in 1941 it was present over many square 
miles. The plant remained green and con- 
tinued flowering until May, later than in 
any other growing season observed by 
the writer. Desert vegetation in general 
was profuse from January through May 
1941 and, like G. canescens, other large 
annuals also continued their growth over 
an extended period. Rainfall was adequate 
from December 1940 through April 1941 
for continuous plant growth, retarded 
maturity, and the development of a type 
of plant growth of G. canescens that was 
favorable for producing two generations 
of Lygus. Rainfall records of the U. S. 
Weather Bureau Station at Yuma, Ari- 
zona, showed that 0.25 inch or more of 
rain fell during each month from Decem- 
ber 1940 through April 1941, and that this 
period.constituted the only one in 71 years 
during which monthly rainfall was ade- 
quate for continuous plant growth. 

Most of the Lygus migrations into al- 
falfa-seed fields, during this investigation, 
were from sources within irrigated river- 
valley areas and were observed under one 
or more of the following conditions: Non- 
conformity of some ranchers to a uniform 
program of cutting alfalfa hay preceding 
the seed crop, cutting of mixed barley 
alfalfa hay, cutting of flax fields contain- 
ing an abundance of Lygus-infested 
Polygonum argyrocoleon Steud., the ma- 
turity or harvesting of sugar beet seed 
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crops, or following the maturity of Sisym- 
brium irio L. 

The data gave no evidence that 24 of 
the 40 plant species and mixtures studied 
were sources of damaging Lygus migra- 
tions to the main alfalfa-seed crop. Rea- 
sons for this nonoccurrence of serious 
movements from these plants were ab- 
sence or very low populations of Lygus 
or the presence on the plants of adults 
only, limited acreage of plants, or seasonal] 
development of the host plant. 

Plant species on which no Lygus were 
captured were: Chaenactis spp., Bermuda 
grass (Cynodon dactylon (L.) Pers.), creo- 
sotebush (Larrea tridentata (DC.) Coville), 
and common mesquite (Prosopis juliflora 
(Swartz) DC.). Only adults were captured 
by sweeping saltbush (Atriplex spp.), 
Suaeda torreyana S. Wats., small grains 
and flax, and sowthistle (Sonchus spp.), 
and wild lettuce (Lactuca spp.), and their 
presence was only incidental and not a 
source of increase in Lygus populations. 

Plants on which low Lygus populations 
were found and which covered limited 
acreages were as follows: Sandverbena 
(Abronia spp.), desert-marigold (Bavleya 
spp.), Helianthus annuus L., Lesquerella 
gordoni (A. Gray) S. Wats.; Malva parvi- 
flora L., pineapple-weed (Matricaria matri- 
carioides (Less.) Porter), dock (Rumex 
spp.), Russian-thistle, (Salsola kali var. 
tenutfolia Tausch), sowthistle (Sonchus 
spp.), wild lettuce, (Lactuca spp.), and 
Suaeda torreyana S. Wats. 

Plants with low Lygus populations in 
the desert habitat which matured or be- 
came unfavorable for the plant bugs and 
~aused them to migrate before the at- 
tractive period of development of the 
main alfalfa-seed crop during years of 
average rainfall were as follows: Brittle- 
bush (Encelia farinosa A. Gray), Franseria 
deltoidea Torr.; white bur-sage (Franseria 
dumosa Gray), Lesquerella gordoni (A. 
Gray) S. Wats. desert annuals, and desert 
perennials. 

Plant species on which Lygus peak 
populations did not occur until after the 
main alfalfa seed crop was mature were 
pigweed (Amaranthus spp.), Bassia hysso- 
pifolia (Pall.) Asch., horseweed (Eri- 
geron canadensis L.,) and Aster exilis Ell., 
the last two being usually found growing 
as a mixture. 

Lygus populations on 15 species or mix- 
tures of plants occurred at a period of the 
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year or in sufficient numbers to permit 
dispersals to alfalfa-seed fields. Some of 
this group were potential sources of Lygus 
every year, and others were only occasion- 
ally a source of infestation. 

The plant species which were a possible 
or occasional source of Lygus migrations 
to alfalfa seed fields were fragrant-bitter- 
weed (Actinea odorata (DC.) Kuntze), 
Geraea canescens Torr. and Gray, Oligo- 
meris linifolia (Vahl) Macbride, and 
Spanish-needles (Palafoxia linearis (Cav.) 
Lag.). 

Fragrant-bitterweed was very abund- 
ant in Yuma County. Its average Lygus 
population was 66.1 bugs per 100 sweeps, 
which was sufficient for dispersal, but no 
migration of bugs from this plant into 
alfalfa was detected. Of 63 Lygus adults 
swept from this host and examined, 9 
were L. hesperus, 25 L. oblineatus, and 29, 
or almost one-half of the specimens in the 
sample, were L. elisus, a species that has 
been of very minor importance in the 
alfalfa-seed fields of the area studied. 

Lygus populations on Geraea canescens 
were rarely sufficient when the alfalfa- 
seed crop was being grown to have sup- 
plied bugs for migration to that crop in 
injurious numbers. One unusual migra- 
tion from G. canescens to alfalfa has been 
discussed earlier in this paper. 

Oligomeris linifolia was at its optimum 
growth in 1940. Lygus populations that 
year averaged 158.7 per 100 sweeps, as 
compared with 0.5 bug per 100 sweeps the 
following year. The areas covered by 
thick stands of this plant were small, how- 
ever, and during the year of optimum 
growth the peak bug population occurred 
in March, several weeks before the start 
of the alfalfa-seed crop. After that time 
the number rapidly decreased. Data ob- 
tained do not indicate that this plant was 
an important source of Lygus infesting 
alfalfa-seed fields. 

Spanish-needles grow mainly in scat- 
tered stands in sandy areas. An average 
Lygus population of 32 bugs per 100 
sweeps was recorded for 1940, when the 
plant growth was optimum. In 1941, un- 
der normal conditions, the average was 
only 3 bugs. Indications were that only 
rarely would this plant be a_ possible 
source of increased Lygus populations in 
the alfalfa-seed fields. 

The plant species or mixtures that were 
yearly potential sources of Lygus popu- 


lations infesting the main alfalfa-seed 
crop were as follows: Sugar beets (Beta 
vulgaris), nettleleaf goosefoot (Cheno- 
podium murale L.), Dithyrea wislizeni 
Englem.; Chinese-pussley (Heliotropium 
curassavicum var. oculatum), bur-clover 
(Medicago hispida Gaertn.); sourclover 
(Melilotus indica L.), Polygonum argyro- 
coleon Steud., Sisymbrium irio L., globe- 
mallow (Sphaeralcea spp.), vetch (Vicia 
spp.), and weedy mixtures. 

Dithyrea wislizent and vetch were 
limited in distribution. The former was 
found mainly along the river beds in 
Maricopa County, and the data did not 
show any Lygus movements from it. 
Vetch has been grown mainly at the ex- 
perimental stations as a cover crop. Un- 
less this plant becomes widely used by 
farmers, it will not be a source of Lygus 
increases in alfalfa fields. Bur-clover was 
common in Maricopa County, but ex- 
tremely scarce in Yuma County. The 
population on this plant was low, averag- 
ing 6.9 bugs per 100 sweeps, which indi- 
cates that bur-clover was not a source of 
any large Lygus dispersals. If bur-clover 
were heavily pastured at regular inter- 
vals of 30 days, few Lygus would develop 
on it. Sourclover has been used as a cover 
crop in the alfalfa-seed-producing areas 
and should be turned under before the 
seed crop is started. Zygus numbers on 
this plant were low, averaging 7.5 bugs 
per 100 sweeps, but where sourclover ad- 
joins an alfalfa-seed field there is prob- 
ably a movement into the alfalfa. Chinese- 
pussley grows chiefly in Yuma County, 
and extremely high Lygus populations 
were found on this plant, the average 
being 166.3 bugs per 100 sweeps. More 
than 97 per cent of these were found to be 
L. elisus, which was of minor importance 
in the seed fields. This plant should be 
destroyed around alfalfa-seed fields be- 
cause Lygus move to it from alfalfa and 
subsist on it during the harvesting of al- 
falfa for hay, and then migrate back to 
alfalfa as soon as the seed crop starts to 
grow. Globemallow is not usually abun- 
dant in many alfalfa-seed-growing areas 
and apparently was of minor importance 
as a source of Lygus, since the small pro- 
portion of nymphs to adults found on 
plants of this genus indicated that the 
latter were comparatively poor hosts. 

Sugar beets have been grown for seed 
since 1935 in Maricopa County. The crop 














matures and is harvested late in May and 
during June, thus forcing a Lygus migra- 
tion at a time when the alfalfa-seed crop 
is in an ideal stage of development for bug 
damage. Lygus populations averaged 
170.9 bugs per 100 sweeps on sugar beet, 
which is 1 of the 5 plant species with the 
highest populations. Of 397 Lygus adults 
examined from this host, there were 74 
L. hesperus, 321 L. oblineatus, and 2 L. 
elisus. Where sugar beets are grown for 
seed they are a prolific source of Lygus 
infesting alfalfa-seed fields in the same 
areas. 

The winter annual, nettleleaf goosefoot, 
produced a growth favorable for the ear- 
liest nymphal development late in the 
winter and also subsistence of the Lygus 
bugs when the hay crops were cut. Al- 
though the population averaged 42.9 bugs 
per 100 sweeps, the acreage covered by 
the plant was limited and apparently dis- 
persals from it were small; nevertheless 
it should be destroyed in and around all 
alfalfa fields. Of 90 adult specimens of 
Lygus swept from nettleleaf goosefoot 
and examined, 63 were L. hesberus, 25 L. 
oblineatus, and 2 L. elisus. 

Polygonum argyrocoleon grows luxur- 
iantly mainly in Yuma County. Optimum 
conditions for growth of this plant occur 
in flax fields sown in drill rows 6 inches 
apart. P. argyrocoleon is undisturbed in its 
growth until the flax is harvested in May 
and early in June. Lygus bugs were not 
found on pure stands of flax, but in flax 
fields containing P. argyrocoleon popula- 
tions were very high, and the ideal condi- 
tions for growth of the weed were also 
favorable for continuous development of 
the bugs. The acreage of flax has incresed 
rapidly in Yuma County since 1937. This 
change in the acreage, with an attendant 
increase in the abundance of P. argyro- 
coleon, has apparently increased the L. 
oblineatus population in alfalfa-seed fields 
because approximately 50 per cent of the 
Lygus adults in these fields were L. 
oblineatus in localities where flax contain- 
ing P. argyrocoleon was abundant. How- 
ever, much lower percentages of this 
species occurred in other alfalfa-seed- 
growing localities. The average Lygus 
population on P. argyrocoleon was 176.5 
bugs per 100 sweeps, one of the highest 
recorded during this investigation. Of the 
Lygus adults examined, 27 were L. 
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hesperus, 201 were L. oblineatus, and 9 
were L. elisus. 

Polygonum argyrocoleon in flax fields 
should be controlled by cultivation, be- 
cause it competes with the flax for plant 
food, heavily contaminates the flaxseed 
crop with its seeds, and, most important, 
furnishes an ideal habitat for the breeding 
of Lygus bugs that migrate at flax harvest 
time to alfalfa-seed fields. Fortunately, 
cultural practices in Yuma County were 
changing by 1942. The flax was being 
planted with a wider space between the 
rows, so that it could be cultivated to de- 
stroy P. argyrocoleon and other weeds. 

Sisymbrium trio, a_ yellow-flowered 
mustard, grows abundantly in all alfalfa- 
seed-growing areas of Arizona and in the 
Bard section of California. It is present in 
the irrigated areas from November until 
May, by which time it is mature. Lygus 
populations on it were low, averaging 
only 15.6 bugs per 100 sweeps, but owing 
to the abundance of the plant in waste 
places and in fields of alfalfa and other 
crops in all areas, the aggregate Lygus 
population produced on it was very large. 
A count of Lygus specimens swept from 
S. irio and examined showed 101 L. hes- 
perus, 206 L. oblineatus, and 5 L. elisus. 
Each year noticeable Lygus increases in 
seed alfalfa occurred when S. irio ma- 
tured, but the amount of the increase due 
to this cause could not be determined, 
since there was a coincidental movement 
from the alfalfa-barley hay crop at har- 
vest time. All alfalfa-seed growers and 
farmers should therefore destroy S. trio 
whenever possible. 

Weedy mixtures were common in some 
cultivated areas. In many cases, these 
mixtures included some of the plants al- 
ready discussed. Because of the close prox- 
imity of two or more species of plants, it 
was impracticable to determine the num- 
bers of Lygus on the individual species. 
The average Lygus population on weedy 
mixtures, although not high, being 26.7 
bugs per 100 sweeps, was sufficient to be a 
potential source of Lygus bugs, which in- 
fested the alfalfa-seed crop. This was par- 
ticularly true when the weedy mixtures 
grew near alfalfa fields. Elimination of 
weeds by clean cultural practices would 
probably help reduce Lygus populations 
in alfalfa fields. 


SumMary.—Reduction of seed yields 



















































rh 


Ahn Hh Mm 


February 1949 Stirt: Host Puants or Lyeus spp., INFestinG ALFALFA 99 


as a result of Zygus damage is an impor- 
tant problem in alfalfa-seed-producing 
areas of southern Arizona and southeast- 
ern California. The species involved are 
L. hesperus Knight, L. oblineatus (Say), 
and L. elisus Van Duzee, in descending 
order of importance. Data on Lygus popu- 
lations on different plants that might be 
sources of infestations attacking the main 
alfalfa-seed crop were obtained during the 
years from 1936 to the middle of 1942. 

A total of 1195 records were made on 
39 separate plant species or mixtures of 
species (exclusive of alfalfa), in which 26, 
817 Lygus were captured in 134,361 sweeps 
with a 15-inch hand net, or an average of 
20 bugs per 100 sweeps. Lygus populations 
averaged 4 bugs per 100 sweeps on plants 
growing in the desert habitat and 32.7 
bugs per 100 sweeps on plants in the river 
valleys where cultivated crops, including 
the alfalfa seed crop, were grown under 
irrigation on a part of the acreage. Data 
obtained indicated that during years of 
average rainfall the desert plants matured 
or became unfavorable for Lygus popula- 


tions before the main alfalfa-seed crop 
was started, and Lygus dispersals from 
them also took place before that time. 

Owing to low Lygus populations or to 
the time of year when they supported in- 
festations, 24 of the 39 plant species or 
mixtures (exclusive of alfalfa) were not 
sources of Lygus infesting the main alfalfa- 
seed crop. Data and observations on 
Lygus populations on the different host 
plants indicate that practically all Lygus 
infestations in the main alfalfa-seed crop 
come from cultivated (irrigated) land in 
river-valley areas. Of the host plants other 
than alfalfa, only sugar beet (Beta vulgaris 
L.), Polygonum argyrocoleon Steud., and 
Sisymbrium irot L. appeared to be sources 
of Lygus populations of such magnitude 
that, if migrations occurred, they would be 
synchronized with the development of the 
main alfalfa-seed crop. The control of 
weeds that are important has plants of 
Lygus spp. infesting seed alfalfa would ap- 
parently reduce Lygus populations that 
affect that crop. 
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Mire Researcu Group 


On February 4, 1949, members of the Division of 
Entomology and Parasitology of the University of 
California, following a staff meeting, organized a 
group in the Division to study the systematics and 
economics of plant and animal infesting mites. All 
the members are engaged in or interested in these 
animals and it is hoped that others who are inter- 
ested in the same problems may be contacted from 
time to time with the various problems that arise in 
projected programs. 

The following members make up the group: E. O. 
Essig, A. E. Michelbacher, W. W. Middlekauff, 
E. M. Stafford, L. M. Summers, A. D. Borden, 
N. W. Frazier, A. Ear! Pritchard, Gordon L. Smith, 
W. Harry Lange, Jr., D. P. Furman, and L. M. 
Smith, chairman of this Mite Research Group. 
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The Effect of Some Insecticides on Black 


Fly Larvae in Alaskan Streams! 


Black flies, or ‘“‘whitesox’’ as they are 
called locally, are distributed throughout 
Alaska but are more prevalent in some 
areas than in others. Large numbers of 
larvae are found on trailing vegetation in 
sluggish, slow-moving streams, but the 
greatest numbers are present on rocks and 
sticks in the more rapid and turbulent 
streams. The adults emerge in the summer 
and fall. Their habit of hovering around 
the head and flying into the eyes, ears, 
and nose of their victim, as well as the 
painful swelling resulting from their bites, 
causes them to be a serious pest. 

Fairchild & Barreda (1945) found that 
in swiftly flowing streams in Guatemala 
as little as 1 part of DDT to 10 million 
parts of water was completely effective 
against the larvae of these insects for a 
distance of 1000 meters. Garnham & Mc- 
Mahon (1947) eliminated Simulium nea- 
vei Roubaud, the vector of onchocerciasis, 
from the Kodera area in Kenya, South 
Africa, with strengths of 1 to 27 parts of 
DDT per million parts of water, but these 
applications also destroyed the fish in the 
streams. Prevost (1946) succeeded in de- 
stroying black fly larvae with DDT with- 
out killing fish, but gives no information 
on the dosages used. 

The data reported in this paper are 
based on tests conducted in troughs and 
streams to investigate methods of black 
fly control and the effect of larvicides on 
fish and the insects they feed on. Fish, 
caddis fly larvae, and black fly larvae 
were tested simultaneously, but results 
on fish and caddis flies will be presented 
elsewhere. This work is a portion of a 2- 
year project. The number of treatments 
required, the best time of application in 
relation to the most effective control, 
and the least injury to resident and mi- 
grating fish are also to be investigated. 

Trovucn ‘Tests.—Thirty-seven _ pre- 
liminary tests were made with the black 
fly larvae Simulium venustum Say and 
S. vittatum Zett., in a series of troughs set 


1 This work was conducted under a transfer of funds, from the 
Office of the Surgeon General, Department of the Army, and, in 
part, from the Bureau of Medicine and Surgery, Department of 
the Navy, to the Bureau of Entomology and Plant Quarantine. 

2 U.S. Dept. Agr., Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine. 

U.S. Dept. Interior, Fish and Wildlife Service. 
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up on the banks of Otter Creek. Otter 
Creek originates at the stream outlet of 
Otter Lake, which is about 5 miles north- 
east of Anchorage. It is about 8 feet wide 
by 6 inches deep, with a flow of 3.2 to 4.5 
cubic feet per second. The pH of the water 
ranged from 7.3 to 8.4, the temperature 
from 55° to 76° F., and the dissolved oxy- 
gen from 6.9 to 10.9 p.p.m. S. venustum 
and S. vittatum in all instars were present 
on the rocky bottom of the creek. The 
troughs were made of galvanized metal 
and were 6 feet long, 14 inches wide, and 
12 inches deep. A screen-topped baffle 
board placed in the troughs near the out- 
let provided a pool when the water was 
pumped in and allowed the excess to drain 
into a pit. Water delivered by a centri- 
fugal pump driven by a gasoline engine 
flowed into a supply trough, which de- 
livered 22 liters per minute to each test 
trough. A few of the tests with high dos- 
ages of the toxicants in acetone solution 
were conducted in troughs in which no 
water was circulated. The insecticides 
were applied on a parts-per-million basis 
from 1-gallon aspirator bottles calibrated 
with a glass-stopcock attachment to de- 
liver the required number of cubic centi- 
meters per minute. They were added to 
the inflowing water, and mixed by use of 
baffle boards. 

In each test 50 third- and fourth-instar 
black fly larvae in 40-mesh screen con- 
tainers, 10 caddis fly larvae in 16-mesh 
screen containers, and 10 rainbow trout, 
which were not caged, were placed in the 
troughs. The trout ranged from 3 to 6 
inches in length. The caddis fly larvae 
were of the genera Hydropsyche and 
Halesus and were one-half to full grown. 
A control trough with untreated water 
was used in each test. The insects and 
fish were exposed to the insecticides for 
15 minutes and were then placed in screen 
cages in the stream. Observations on the 
effect of the toxicants were made during 
the treatment and after 24 hours. Emul- 
sions and acetone solutions of DDT, 
gamma benzene hexachloride, chlorinated 
camphene, and chlordan were tested. All 
emulsions were made with 25 per cent 
of toxic chemical, 10 per cent of an aralky! 
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polyether alcohol’ and 65 per cent of 
xylene. All acetone solutions contained 10 
grams of toxicant per liter. 

Trough tests indicated that dosages 
equal to or greater than those tolerated 
by the fish or the caddis fly larvae were 
required to obtain practical control of 
black fly larvae. At 20 p.p.m. DDT and 
chlordan in acetone solutions killed 82 
and 91 per cent, of black fly larvae. These 
treatments did not kill the fish, but the 
respective mortalities of one species of 
caddis fly larvae were 100 and 90 per 
cent. The 20 p.p.m. of gamma benzene 
hexachloride in acetone solution killed 
45 per cent of the black fly larvae, 80 per- 
cent of the rainbow trout, and 80 to 90 
per cent of the caddis fly larvae. Emul- 
sions and acetone solutions of DDT, 
chlordan, and chlorinated camphene ap- 
plied at rates of 8 to 12 p.p.m. usually 
killed less than 30 per cent of the black 
fly larvae, up to 80 per cent of the rainbow 
trout, and up to 100 per cent of the caddis 
fly larvae. Emulsions of gamma benzene 
hexachloride at 1 p.p.m. killed 58 per 
cent of black fly larvae, 20 per cent of 
rainbow trout, and 90 per cent of one 
species of caddis fly larvae. The critical 
concentrations of emulsions and acetone 
solutions of these four insecticides to fish 
and fish food, as given in table 2, are 
based mostly on these trough tests. The 
stream tests provided data that were 
more useful for control purposes; there- 
fore, the trough tests were discontinued. 

StREAM TeEsts.—Tests of insecticides 
in Otter Creek and in the north and south 
forks of Little Campbell Creek were be- 
gun in July and completed in August 
The north fork of Little Campbell Creek 
has its origin in the Chugach Mountain 
range about 25 miles southeast of Anchor- 
age. It is about 4 feet wide by 5 inches 
deep, and is well shaded by the forest 
through which it flows. The volume of 
flow ranged from 0.92 to 1.52 cubic feet 
per second. the velocity from 2 to 3 feet 
per second, the pH from 7.5 to 7.6, the 
dissolved oxygen from 11 to 12 p.p.m., 
and the temperature from 42° to 43° F 
This stream had a large population of 
fourth-instar Eusimulium latipes Fries on 
rocks and sticks. 

The south fork of Little Campbell 
Creek, which also originates in the Chug- 
ach Range, is about 4 feet wide by 5 inches 
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deep, and is also well shaded by a forest. 
The volume of flow ranged from 0.59 to 
1.56 cubic feet per second, the velocity 
from 3 to 4 feet per second, the pH from 
7.5 to 7.6, the temperature from 42° to 
50° F., and the dissolved oxygen from 
10.5 to 11 p.p.m. A large population of 
fourth-instar Eusimulium latipes was pre- 
sent on the rocks in this stream. 

One hundred and eight tests against 
black fly larvae were made in sections of 
these streams. Ordinarily new sections 
were used for each test, but if a section 
was used a second time it was necessary 
to repopulate it with black fly larvae on 
rocks. Large numbers of these rocks were 
available upstream. Many of the larvae 
became detached while they were being 
transferred, but those that did not re- 
mained as long or longer than native 
larvae, when the two types were compared 
in larvicide tests. Rainbow trout and 
caddis fly larvae were exposed in screen 
cages in these stream sections during the 
tests. 

Acetone solutions and xylene emulsions 
of DDT, gamma benzene hexachloride, 
chlordan and chlorinated camphene were 
prepared in the same way as in the 
trough tests. Tests were also made with 
fuel-oil and kerosene solutions containing 
5 per cent of DDT, and with certain 
mono- and dimethyl-naphthalenes,’ solu- 
tions containing 15 per cent of chlordan 
or chlorinated camphene. 

A rectangular-type weir, as described 
by Parshall (1941), was installed on each 
of the three streams, and the rate of flow 
was measured each day before tests were 
begun. All insecticides were applied to 
the streams in a parts-per-million ratio on 
the basis of these measurements. 

Emulsions, suspensions, and oil solu- 
tions made with DDT, chlordan, chlor- 
inated camphene, gamma benzene hexa- 
chloride, and pyrethrum were tested. 
Tests were also made with fuel oil, a mix- 
ture of dimethyl phthalate, n-butyl 
mesityl oxide oxalate,’ and 2-ethyl-1,3- 
hexanediol.* All these materials were ap- 
plied to the middle of the stream with the 
same type of aspirator bottle used in the 
trough tests. For the suspensions made 
with wettable DDT, which required con- 
stant stirring while it was being dispensed, 


2 Velsical AR-50. 
ndalone 
4 Rutgers 612. 
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Table 1.—Toxicity of several insecticides to black fly larvae in stream tests. 

















Morta.ity 
Tests iv Wuicu  LarvaAE IN 
DosaGE IN NUMBER OF ALL LARVAE CaGes Arrer 
ToxXIcANT AND FoRMULATION P.P.M. TEstTs DETACHED 24 Hours 
DDT: 
Emulsion 0.03 1 0% 22% 
.05 2 0 26 
om 2 0 45 
2 2 50 38 
3 1 0 30 
5 + 75 69 
a 5 100 78 
1 1 100 59 
5 1 100 78 
Acetone solution a 3 66% 91% 
2 2 50 88 
3 5 100 84 
5 2 50 -- 
Wettable powder (90%) 7 2 50% 97% 
I g 100 87 
1.5 l 100 _ 
Fuel-oil solution 05 1 0% 22% 
a 1 0 32 
2 4 50 61 
4 5 100 83 
Kerosene solution 3 1 100% 138% 
Chlordan: 
Emulsion ] 0% 16% 
5 1 0 64 
1 1 0 34 
2 3 66 34 
4 1 100 83 
Acetone solution 0.1 0% 37% 
3 3 33 71 
5 2 50 26 
Fuel oil solution 5 2 100% 49% 
1 1 100 81 
Mono- and dimethy! naphthalenes 5 3 66% 66% 
solution 1 4 75 7 
1.5 1 0 47 
Chlorinated camphene: 
Emulsion 2 1 0% 46% 
5 1 0 62 
1 1 0 98 
2 2 66 56 
4 2 100 80 
5 1 100 — 
Acetone solution 5 1 0% 40% 
Fuel-oil solution S 1 0% — 
5 Q 50 50% 
Mono- and dimethyl Naphthalenes 5 2 50% 82% 
1 1 100 87 
1.5 1 0 47 








—4 =e oe | ope Me 


sh 
m 


hii 








February 1949 GJULLIN Er AL.: BLack Fry Larvar ConTROL IN ALASKA 103 


Table 1. (Continued) 








Morta.ity 
Tests IN Wuicn LARVAE IN 





DosaGE IN NUMBER OF ALL LARVAE Caces AFTER 
TOXICANT AND FoRMULATION P.P.M. TEsTs DETACHED 24 Hours 
Gamma benzene hexachloride: 
Emulsion 1 2 50% 17% 
5 1 0 — 
Ay 1 0 4 
1 1 100 25 
Acetone solution a 1 0% 26% 
3 1 0 26 
5 2 50 50 
Pyrethrum: 
Acetone solution 0.1 1 0 40% 
Kerosene solution BS 1 0 13 
2-ethyl-1, hexanediole 5 1 0 7 
1 1 0 1 
Dimethy] phthalate ay: | 0 9 
1 1 0 20 
Dimethy] phthalate emulsion 1 1 0 24 
n-butyl mesety] oxide oxulate 2 1 0 15 
Mono- and dimethyl] naphthalanes 10 1 0 95 
Fuel oil 7 1 0 — 
9 1 0 ~~ 
10 1 0 — 
1 0 me 


Kerosene 20 


an open vessel with a small hole in the 
bottom was used. All larvicides were ap- 
plied to the streams to give a constant 
parts-per-million rate over a 15-minute 
period.! 

Control of black fly larvae was consid- 
ered effective when all the larvae in the 
test section had become detached at the 
end of 24 hours. The larvicides were ap- 
plied to determine the minimum dosage 
required to control the three species found 
in these streams. In addition to observa- 
tions on the detachment of larvae, 24- 
hour mortality data were obtained by 
placing larvae from the treated section of 
the stream in screened cages immediately 
after the 15-minute treatment period. 
The cages were placed in the stream, and 
the mortality was recorded after 24 hours. 
In several tests large dosages were applied 
to obtain information on the maximum 

1 Tests made on black fly larvae in 1948 have indicated that 
shorter periods of application may be equally effective. The mini- 
mum time required to cause complete detachment of Prosimulium 


hirtipes Fries with 0.3 p.p.m. of DDT in acetone was found to be 
6 minutes. 


amounts of larvicides that could be used 
without destroying fish and caddis fly 
larvae. 

DDT was the most effective insecticide 
tested (Table 1). The acetone solutions 
were effective at 0.3 p.p.m. in four tests 
for 150 yards downstream and in one test 
for 880 yards. The fuel-oil solution was 
effective at 0.4 p.p.m. and the kerosene 
solution at 0.3 p.p.m. The minimum dos- 
age of DDT in fuel oil was not established, 
The DDT emulsion was effective at 0.7 
p.p.m. in four 150-yard and in one 880- 
yard test. 

Chlordan was ineffective as an emulsion 
at 2 p.p.m., as an acetone solution at 0.5 
p.p.m., and in solution? at 1.5 p.p.m., but 
was effective in a limited number of tests 
at 0.5 p.p.m. in fuel oil. Emulsions and 
solutions of gamma benzene hexachloride 
were ineffective at 0.7 and 0.5 p.p.m., re- 
spectively. Chlorinated camphene emul- 
sion was effective at 4 p.p.m. and ineffec- 


2In Velsicol AR-50. 
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Table 2.—Summary of minimum effective 
dosages of insecticides for black fly larvae and 
maximum nonlethal dosages for rainbow trout 
and caddis fly larvae. 








Maxmum Maximum 





MINtIwuM 
P.P.M. FOR P.P.M. FOR P.P.M. FOR 
TOXICANT AND BLAcK Rarnsow Cappis Fiy 
ForMULATION FLIes Trovt LARVAE 

DDT: 

Emulsion 0.7 3 5 

Acetone solution 3 30 10 

Wettable powder 1 102 10? 

Fuel-oil solution 4 10? 102 

Kerosene solution 38 3? # 
Gamma benzene hexachloride: 

Emulsion 1 1 0.1 

Acetone solution 5 10 10 
Chlorinated camphene: 

Emulsion 4 3 5 

Acetone solution 5} 5 ‘ 

Fuel-oil solution 51 5? 52 

Commercial product 

solution 1.5! 1.5? 1.5? 

Chlordan: 

Emulsion 4 3 5 

Acetone solution 5 20 10 

Fuel-oil solution 5 6 52 

Commercial solvent 1.5! 10 L 
Pyrethrum: 

Acetone mixture y 2 —_ 

Kerosene solution iL 2 | 





1 Ineffective at this dosage, which was the highest tested. 
2 Highest dosage tested. 
8 Velsicol. 


tive at 2 p.p.m. The acetone solution of 
this material was ineffective at 0.5 p.p.m., 
and the fuel-oil and chlorinated cam- 
phene solutions were ineffective at 0.5 and 
1.5 p.p.m., respectively. 

Fuel oil alone and chlorinated cam- 
phene alone caused considerable iarval 
detachment when large amounts were 
used, but were not completely effective. 
(The other materials named were ineffec- 
tive.) An acetone-pyrethrum mixture 
and a kerosene solution of pyrethrum 
were ineffective at 0.1 p.p.m. 

The larval mortality in the cages after 
24 hours ranged from 4 to 97 per cent. 
In some tests detachment of the larvae in 
a stream section was 100 per cent when 
mortalities in the cages were as low as 25 
per cent, but the average mortality in 
cages for all tests in which all the larvae 
had detached was 73 per cent. 

Chlorinated camphene emulsions caused 
60 per cent mortality of fish in one test at 
4 p.p.m. No deaths among the trout or 
caddis fly larvae were attributable to the 
insecticides in tests made with, or near 
the minimum dosages required to give 
100 per cent control of black fly larvae. 

Minmum Errective DosaGes AND 
Maximum NonuetHaL Dosaces.—The 
minimum dosages of insecticides that 
were effective against Simulium vittatum, 
S. venustum, and Eusimulium latipes, and 
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the maximum dosages that were tried 
and found to be nonlethal in trough and 
stream tests against rainbow trout and 
caddis fly larvae, are shown in table 2, 

Discussion.—Of all the materials tested, 
DDT in acetone was best for black fly 
control, because it was effective against 
the larvae at 0.3 p.p.m. and nonlethal to 
rainbow trout at 30 p.p.m. DDT in fuel 
oil or in kerosene was about as effective 
as the acetone solution, and will probably 
be found to be the most practical formu- 
lation. Chlordan solution, which is rela- 
tively nontoxic to rainbow trout, may be 
found to be effective against black flies 
in low enough dosage to be considered. 
The other materials, with the possible 
exception of the chlordan-fuel oil solution 
and the gamma benzene hexachloride 
solution, were much more toxic to trout 
and should not be used. Toxicity of some 
of these materials to fish may have been 
due to the solvents and emulsifiers used 
in preparing them. 

The variation in total alkalinity in 
terms of calcium carbonate and the pH 
observed in the three streams had no 
noticeable effect on the toxicity of the 
insecticides tested, but a larger series of 
standardized tests would be necessary 
to determine this fact definitely. High 
temperatures with consequent reduction 
of dissolved oxygen caused large differ- 
ences in the toxicity of the chemicals to 
rainbow trout in a few tests in which com- 
parisons could be made. Temperatures 
from 42° to 69° F. had no noticeable effect 
on the toxicity of the insecticides to black 
fly larvae. Wettable DDT was seen to 
settle on the bottom of the streams when 
used at strengths of 1 p.p.m. The flow was 
fairly rapid, and no settling out of other 
chemicals was observed; however, settling 
might occur with some chemicals in more 
sluggish streams. 

The mortality of black fly larvae was 
considerably lower in the trough tests 
than in the stream tests. If the larvicides 
act as stomach poisons, the lower kill may 
be due to the cessation of feeding by the 
larvae that are disturbed before they are 
treated. The mortality of larvae confined 
in cages during stream tests shows that 
control resulted from detachment of the 
larvae and not necessarily from direct kill. 

A large difference between the toxicity 
of an insecticide to black fly larvae and 
its toxicity to fish and fish food, such as is 
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afforded by a DDT-acetone suspension, 
is essential, since errors in calculating the 
rate of flow, as well as careless application 
of too large dosages, may result in the 
destruction of the fish and fish food in a 
stream. Streams may be measured most 
accurately by installing weirs, but this is 
usually impractical. Measurement of the 
speed of flow with a flowmeter or a float- 
ing stick, and then using this information 
in a formula, together with measurements 
of the stream depth as described by 
Davis (1938), will be sufficiently accurate 
for this purpose if carefully done. 

The larvicides should be added to a 
turbulent spot in the stream to insure 
mixing. The use of a board under the out- 
let as a deflector or the use of multiple 
outlets will also help to secure better dis- 
tribution. 

Black fly larvae comprise only an in- 
significant portion of the good of fish in 
the region where the tests were made. 
This was shown in the examination of 
the stomach contents of several species of 


fish from heavily infested black fly 
streams in the area. 
SumMARY.—DDT, chlordan, chlorin- 


ated camphene, and gamma benzene hexa- 
chloride were tested as emulsions and 
acetone suspensions in troughs and stream 
sections in Alaska against larvae of the 
black flies Simulium venustum Say, S. 
vittatum Zett., and EHusimulium latipes 
Fries. These chemicals were also tested 
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against caddis fly larvae of the genera 
Hydropsyche and Halesus and against 
rainbow trout. Tests of these chemicals in 
oil solutions and of pyrethrum were also 
made in the stream sections. 

The DDT-acetone suspension caused 
all black fly larvae to become detached at 
0.3 p.p.m. and was nonlethal to rainbow 
trout at 30 p.p.m. and to caddis fly larvae 
at 10 p.p.m. DDT in fuel oil was com- 
pletely effective against black fly larvae 
at 0.4 p.p.m., and DDT in kerosene was 
effective at 0.3 p.p.m. These solutions 
were nonlethal to rainbow trout at 10 
p-p.m. The chlordan-acetone suspension 
was nonlethal to rainbow trout at 20 
p.p.m. and to caddis fly larvae at 10 p.p.m. 
Its minimum effective dosage for black- 
fly larvae was not determined, but 0.5 
p.p.m. was not effective. A DDT-xylene! 
emulsion was effective against black fly 
larvae at 0.7 p.p.m., but was toxic to the 
fish at 5 p.p.m. 

Chlorinated camphene and gamma ben- 
zene hexachloride were less effective aginst 
black fly larvae and were toxic to the fish 
at 1 to 10 p.p.m. Dimethyl phthalate, n- 
butyl mesityl oxide oxalate, 2-ethyl-1, 3- 
hexanediol, and fuel oil, kerosene, and 
mono- and dimethylnaphthene mixture 
were also ineffective against black fly 
larvae. 


1 With Triton X-100. 
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Phyllobius intrusus Kono, a new weevil first re- 
ported in 1948 by Kerr, in Rhode Island, has been 
found in the counties of Fairfield and New London, 
in Connecticut and in Barnstable, Bristol, Middle- 
sex and Worcester Counties in Massachusetts by 
Federal gypsy moth and Japanese beetle inspectors. 
This species has caused injury to roots of arborvitae 


and related conifers. 











Tests on the control of mosquito adults 
during the 1948 season in Alaska were 
conducted to determine the size of area 
necessary to treat in order to prevent in- 
filtration in annoying numbers from the 
surrounding unsprayed areas, to obtain 
information on the number of times an 
area must be treated to protect a commu- 
nity from mosquitoes, and to establish the 
minimum effective dosage of DDT. 

The Alaskan Command and the Alaska 
Insect project pooled supplies of DDT, 
planes, and personnel, and some of the 
military installations were used for the 
large-scale spray tests. Consequently, the 
Insect Project was able, in most cases, to 
combine research work with actual prac- 
tical control activities for the local mili- 
tary installations. Large areas were sprayed 
at Ladd Field, near Fairbanks, Eielsen 
Field, 25 miles, and Big Delta, about 100 
miles away. 

Materials and Methods.—The plots 
were treated with a C-47 airplane equipped 
with a special spray apparatus designed 
by C. N. Husman and built by the Alaska 
Command. Standard 20 per cent DDT air- 
plane spray containing either 40 per cent 
chlorinated camphene and 40 per cent fuel 
oil; 28 per cent chlorinated camphene and 
52 per cent fuel oil; or 15 per cent chlori- 
nated camphene and 65 per cent fuel oil 
was used undiluted in all except the re- 
duced dosage tests. Fuel oil was used as 
a diluent to obtain reduced dosages of 
0.05 (10 per cent DDT solution), and 
0.025 (5 per cent DDT solution) pound 
of DDT per acre. One-half pint of liquid 
per acre was applied except in two tests 
where 2 pints of 20 per cent spray were 
used to give a dosage of 0.4 pound. 

The sprays were applied at swath inter- 
vals of 800 feet in one direction and cross- 
wind. The flight lines were marked with 
flags, or with smoke grenades, and in one 
instance with balloons, placed either at 


1 This work was conducted under funds allotted by the De 
meg: nt of National Defense to the Bureau of Entomology and 

lant Quarantine. 

2 Major, Medical Service Corps, U. S. Army. 

3U. S. Department of Agriculture, Agricultural Research 
Administration, Bureau of E ntomology and Plant Quarantine. 

‘ Entomologist, Corps of Engineers, U. S. Army, Ft. Richard- 
son, Alaska. 

5 The writers are greatly indebted to other members of the 
Alaska Insect Project and especially to Nelson Smith who con- 
tributed to this work. 
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one end or in the middle of the plots. The 
pilots flew the swaths both by compass 
after orienting over the markers and by 
the use of maps on which the flight lines 
previously had been drawn. All sprays 
were applied between 1900 and 0300, as 
mosquito activity usually was greatest 
during this period. The wind was usually 
0 to 8 miles per hour, although on a few 
occasions winds of 11 to 15 miles per hour 
were encountered. Inversion conditions 
were ideal for the application of small- 
droplet sprays. 

Mosquito populations were determined 
before and at intervals after spraying by 
landing-rate counts at a number of se- 
lected locations in the test plots. Counts 
were made of mosquitoes landing on the 
front of the trousers, waist to cuff, after 
standing quietly for 3 minutes at the check 
station. All counts were made as near the 
same time of day as possible. Frequently, 
different observers made the counts, and 
in a few cases the counts were made by 
two observers at the same station. 

Resutts. Ladd Field Tests —The north- 
ern section of the area, Birch Hill, is a 6- 
square-mile block, bounded on the north 
by a line of hills about 200 feet high and 
on the south by the Chena River. Im- 
mediately adjacent on the south is the 
airfield. The southern section, Tanana, is 
a 24-square-mile block bounded on the 
north by the Chena River and on the 
south by the Tanana River. The general 
terrain is flat and marshy. Some portions 
are densely wooded with birch and alder, 
some have a moderately dense growth of 
spruce and larch, and some have only a 
low growth of shrubs, mostly Betula nana, 
and a considerable part of the area is a 
moss-sedge bog. 

The Birch Hill area was difficult to 
spray since the hills were dotted with 
beacons, towers, and power lines. Wind 
conditions were more unstable in this 
area than in the Tanana sections. The 
pilot was required to fly one corner of the 
area with the plane higher than normal 
and with a tail-wind. Much of the spray 
drifted away from this area, resulting in a 
reduced dosage. This condition was par- 
ticularly pronounced in the second spray 


at Ladd Field. 








—_—A ph —=~ -— -~» 


cr DD 
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The total area sprayed included the 
air field and was approximately 6 by 5 
miles. Two test applications were made 
for the control of adult mosquitoes, one 
the night of June 14 and the’ other the 
night of June 25. This area also had re- 
ceived a larvicidal treatment May 13, 
and subsequent to June 25 it received a 
routine spray by the Area plane. 

The data, table 1, show that an average 
of 98 per cent reduction of mosquitoes 
was obtained by the spraying of June 14 
and 80 per cent control was indicated for 
at least 7 days. Mosquito populations be- 
gan increasing near the outer borders 
shortly after spraying, but the main part 
of the post remained nearly free of annoy- 
ance for almost a week. At the time of the 
second application, June 25, the popula- 
tions were only about one-third of those 
present before the first spraying. 


Table 1.—Adult mosquito reduction obtained 
at Ladd Field with 0.1 pound of DDT per acre, 
applied with a C-47 airplane. Alaska, 1948. 








AVER- 
AGE 
Num-  Lanp- 
BER OF ING 
Count- Rate Per Cent Repuction 
ING Brerore AFTER (Days)— 
Sta- Spray- 





‘Test SECTION TIONS ING 2. &€1@.:37.:F 





First Application, June 14, 1948 
Birch Hill 23 32 98 94 92 94 88 91 


(6 square miles) 


Tanana 13 10 94 91 78 95 44 76 


(24 square miles) 


; Second A pplication, June 25, 1948 
Birch Hill 23 $2! 


Tanana 1l 13 94 





* Counts made in morning after an all night rain. 

! The wind in the Birch Hill section was approximately 15 
miles per hour at the time of spraying, which dropped to 5 miles 
per hour in the Tanana section during spraying. 

The second application was not as 
effective as the first, probably because the 
wind increased from a slight breeze to ap- 
proximately 15 miles per hour during the 
spraying of the Birch Hill section. The re- 
sulting control in this area was only 32 per 
cent. The wind dropped to 5 miles per 
hour during the spraying of the Tanana 
section and a 94 per cent control was ob- 
tained. Since the Birch Hill section repre- 
sented only one-fifth of the sprayed area, 
weighted percentage would show 81 per 
cent control over the whole area. 

EIELSEN Fietp ‘Tests.—The area 
treated is bounded on one side by a long 
line of hills 200 to 300 feet high, and on 
the opposite side by the Tanana River. 
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The terrain is very flat and, in general, 
similar to that around Ladd Field except 
that some areas have a heavier stand of 
spruce. 

The area sprayed, which included the 
air field, comprised a total of approxi- 
mately 25 square miles, 5 by 5 miles. Two 
test applications were made at this base, 
one on the night of June 15 and the other 
on the night of June 24. Subsequently, 
the area received an additional routine 
spraying by the Area plane. 

The data, table 2, Subsequently, the 
area received an additional routine spray- 
ing by the Area plane. 

The data, table 2, showed that the first 
spraying of Eielsen Field gave a 95 per 
cent reduction and 91 per cent control 
was indicated after 5 days. Adult infiltra- 
tion occurred rapidly and by the seventh 
day the reduction was only 61 per cent. 
The second treatment of Eie!sen Field, on 
June 24, resulted in only 85 per cent reduc- 
tion of adult mosquitoes. Failure to 
achieve higher control in this operation 
may have been due to the use of old DDT 
solutions (20 per cent DDT, 15 per cent 
chlorinated camphene, and 65 per cent 
fuel oil). 


Table 2.—Adult mosquito reduction obtained 
at Eielsen Field with 0.1 pound of DDT per acre 
applied with a C-47 airplane. Alaska, 1948. 








AVERAGE 

LanpInG Per Cent REpuctTIon 
NUMBER OF Rate Arter (Days) — 
CouNTING Barons 

SPRAYING 1 7 & @& 3 


STATIONS 


First Application, June 15, 1948 
31 60.7 95 94 91 


78 61 


Second Application, June 24, 1948 
30 21.4 85 88! 





1 Counts were made in the morning after several days’ rain. 


Bic Detta Ar Fietp Tests.—The 
treated area is bounded on one side by a 
high escarpment which leads to the Tanana 
River valley and on the opposite side by 
a wide river flood plain. The terrain is 
moderately flat with little marsh land. 
Most of the area is covered with low 
shrubs, but interspersed with fairly dense 
clumps of spruce and quaking aspen. 

The area sprayed, including the air 
field, was approximately 2 by 2 miles. Two 
test applications were made, one with 0.1 
pound per acre on the night of June 16, 
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and one with 0.4 pound per acre on June 
23. Subsequently an area of about 24 
square miles, including the above, was 
resprayed by the Area plane. 

Mosquito population counts, table 3, 
showed a 83 per cent reduction 24 hours 
after the spraying with 0.1 pound per 
acre, but after 48 hours a reduction of 
only 72 per cent was indicated. Seven 
days after the spraying mosquitoes were 
more numerous than before treatment. 


Table 3.—Adult mosquito reductions obtained 
at Big Delta with DDT applied with a C-47 air- 
plane. Alaska, 1948. 














Num- Aver- 

BER OF AGE 

Count- Lanp- 

ING ING 

Sta- Rate Per Cent Repuction AFTER 

TIONS Brrore —— ——--- 
SPRAY- 12 24 36 48 
ING Hours Hours Hours Hours Hours 











First Application, Sune 16, 1948, 0.1 Pound per Acre 
10 83 72 


poont eptastin, June 24, 1948, 0.4 Pound per Acre 
13 : 96 91 oF 82 66 





Results of the second spraying of Big 
Delta air field with 0.4 pound per acre 
indicated reductions of 96, 91, 94, and 83 
per cent after 12, 24, 26, and 48 hours, 
respectively. Seven days after treatment 
the reduction was only 66 per cent. 

Repeater Station, located only a short 
distance from Big Delta, was also sprayed 
with 0.4 pound per acre. The per cent re- 
duction is tabulated below. 














AVERAGE Per Cent REepvuctTIon 

LANDING (Hours AFTER 

NUMBER OF Rate SPRAYING)— 
CouNTING BEFORE ee 
STATIONS SPRAYING 12 24 36 48 168 
14 25.5 “93° 93 95 88 60 
Dosacr Stupy Trsts.—Seven plots, 


each 3 square miles in area, were treated 
with two dosages of DDT, three with 
0.05 and four with 0.025 pound per acre. 
In addition, one plot of 1 square mile and 
another of 4 square miles were treated with 
(0.4 pound per acre. All of these plots were 
flat and covered with a moderately dense 
growth of spruce. The results of these 
tests and those of the large-area tests are 
summarized in table 4, so that a compari- 
son of effectiveness can be made between 
various dosages of DDT. 

In the small-area tests a mean reduction 
of 39 per cent resulted from the 0.025- 
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pound dosage, 80 per cent from the 0.05- 
pound dosage, and 92 per cent from the 
0.4-pound dosage. The 0.4-pound-per-acre 
dosage gave reductions of 82 and 88 per 
cent at 48 hours, and 66 and 60 per cent 
at 7 days. In the 7 large-area tests, a dosage 
of 0.1 pound per acre gave a mean reduc- 
tion of 83 per cent. By excluding the one 
test at Birch Hill which was made un- 
der unfavorable conditions, the mean re- 
duction for the 0.1-pound dosage would be 
92 per cent. Under favorable conditions, 
therefore, an application of 0.1 pound of 
DDT would seem adequate for practical 
control operations. 

INFILTRATION StupIEs.—An effort was 
made to determine the rate of infiltration 
of mosquitoes into a sprayed area from 
surrounding unsprayed areas. Eielsen Field 
was selected for this test. The area 
sprayed was 5 miles square, as described 
previously in this report. Landing counts 
were made at 30 stations, 800 feet apart, 
across the treated area before spraying, 
and on the first, second, fifth, sixth, and 
seventh days after spraying. 

Data from these observations are given 
in table 5. 

Mosquitoes moved into the sprayed 
area more rapidly from the south side of 
the plot. The reason for this is not known, 


Table 4. Adult mosquito reduction obtained in 
Alaska when applied at the rate of one-half pint 
of solution per acre. 








AVERAGE NUMBER 





or MosqvuItoEs Per Centr 
DosaGE PLor (Lanpine Rate) REDUCTION 
or DDT AREA AT THE CouNT- 24 Hours 
(Pounps (SQUARE ING STATIONS AFTER 

PER AckE) Mies) Berore SprayiInG SPRAYING 

0.025 3 29.5 60 

3 $2.5 64 

3 25.0 17} 

3 10.5 14! 

Average 24.4 39 

05 3 19.8 8S 

3 45.5 82 

3 24.7 73 

Average 30.0 80 

“a 6 32 98 

24 10 94 

6 8 $2 

24 13 94 

25 60.7 95 

25 21.4 85 

+ 12.3 83 

Average 22.5 83 

'” + 14.5 91 

1 25.5 93 





92 


Average 20 





* Two pints of 20 per cent DDT applied per area. 
1 Low kill due to excessive wind during spray operation. 
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Table 5.—Mosquito infiltration into large 
sprayed area from surrounding unsprayed area. 
Eielsen Field, Alaska, June 15, 1948. 








DisTANCE 

FROM 

CreNTER OF NUMBER OF 
Grounp MosquitoEs 
AREA BEFORE 1 2 5 6 7 
(FEET) Spraying Day Days Days Days Days 


0 100 100 98 
800 100 96 100 
1,600 88 100 ~=—:100 
2,400 4 99-100 
3,200 109 100 97 
4,000 176 99 98 
4,800 148 93 
5,600 171 97 
6,400 90 100 
7,200 126 91 
8,000 97 96 
8,800 147 100 
9,600 129 94 
10,400 165 97 
11, 200 204 77 


Per Cent Repuction AFTER 











although the terrain and flora of this area 
indicate a better breeding area, hence the 
natural population would be larger on 
that side of the field. 

It will be noted that considerable 
protection was still evident on the fifth 
day and some on the seventh in the center 
of the plot. 

From these studies, it is apparent that in 
an area like Eielsen Field spraying 25 


square miles is too small an area to insure 
lasting protection to a military installation 
and subsequent sprayings are necessary. 


Discussion AND ConcLusions.—One 
of the main objectives of the season was 
to determine how large an area must be 
treated to prevent reinfestation following 
a single treatment. The answer to this 
objective was not realized, but it was 
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learned that a 2.5 to 3 mile radius is inade- 
quate for Alaska. Fair relief from annoy- 
ance, however, can be realized for from 5 
to 7 days when areas of this size are 
treated. It is necessary to use repeat 
treatments to provide protection for a 
season and from this year’s experience it 
appears that there must be at least four 
sprayings. Even when DDT is applied 
at the rate of 0.4 pound per acre by air, 
a radius of 1 mile will provide protection 
for only 24 to 48 hours. 

The dosage studies show that 0.1 pound 
of DDT per acre is the dosage that is 
practical and that little is to be gained 
with four times this rate of application. 

SummMary.—Large-scale spray tests in 
Alaska showed that the infiltration of 
mosquito adults into plots 24 to 30 square 
miles in area is sufficiently rapid that the 
plots must be re-treated about every 7 to 
10 days during the peak of the mosquito 
season. When only 4 square miles were 
treated, infiltration of annoying numbers 
of mosquitoes occurred within 48 hours. 
Fair protection of the large area was 
obtained with four sprayings during the 
season. The mean initial reduction with 
dosages of 0.4, 0.1, 0.05, and 0.025 pound 
of DDT per acre were, respectively, 92, 
83, 80, and 39 per cent. Except for one 
test, under unfavorable wind conditions, 
the average reduction for the 0.1 pound 
dosage was 92 per cent instead of 83 per 
cent. The dosage of 0.1 pound of DDT is 
considered adequate if applied under 
suitable wind conditions. 


SECOND INTERNATIONAL CONGRESS 
or Crop PROTECTION 


The Second International Congress will take place 
in London from 21st-28th July, 1949, 

The Congress will be organized in 6 Sections for 
the reading of papers and discussions as follows: 
Section 1—Insecticides. 

Chairman: C. T. Gimingham, O.B.E., B.Sc., 

F.R.LC, 
Secretary: J. T. Martin, Ph.D., B.Se., A.R.L.C. 
Plant Pathological Laboratory. 
Section 2—Fungicides. 
Chairman: Professor W. Brown, M.A., D.Sc. 
F.RS. 
Secretary: W. C. Moore, M. A. Plant Pathological 
Laboratory. 
Section 8—Plant Growth Regulators. 
Chairman: M. A. H. Tincker, M.A., D.Sc., F.L.S 
Secretary: H. A. Stevenson, B.Se., Ph.D., A.R.LC. 


Boots Pure Drug Co., Station St., Nottingham. 

Section 4—Toxicology of crop protection substances 

Chairman: Professor G. R. Cameron, D.Sc., M.B., 
B.S., F.RS. 

Secretary: J. M. Barnes. Toxicology Research 
Unit, Chemical Defense Experimental Station, 
Porton, Nr. Salisbury, Wilts. 

Section 5—Methods of application. 

Chairman: E. Holmes, M.Sc., Ph.D., A.R.LC. 

Secretary: H. G. Kearns, B.Sc., Ph.D. Research 
Station, Long Ashton, Nr. Bristol. 

Section 6—Analytical methods and standardization 

Chairman: H. Martin, D.Sc. 

Secretary: R. L. Wain, M.Sc., Ph.D., F.R.I.C. 

In addition to the Meetings of Sections there will 

be Congress Lectures and visits to Research Stations 
and Laboratories. 











On Long Island, New York, and in 
other parts of the eastern United States 
the chief vector of Rocky Mountain 
spotted fever to man is the tick Derma- 
centor variabilis Say. 

Although most of the other species of 
ticks that occur on Long Island bite man 
rarely or not at all, they may be a factor in 
transmitting the disease organism, a 
Rickettsia, from one wild host to another. 

In the course of the work on tick and 
spotted fever control on Long Island, a 
considerable number of wild mammals and 
birds have been taken and examined for 
ticks. The resulting data are significant in 
several ways, and include some new host 
records. This paper is a summary of infor- 
mation gathered in 1946 and 1947 on tick- 
host relations. 

Excepting most of the Dermacentor vari- 
abilis adults and nymphs, which were 
separated and identified by Collins & 
Nardy, the ticks collected from vertebrate 
hosts in 1946 were identified by Mr. 
George Anastos through the courtesy of 
Dr. Joseph Bequaert, Curator of Insects, 
Museum of Comparative Zoology, Har- 
vard University. For all new records, the 
identification wasverified by Dr. Bequaert. 
These identifications, and the correspond- 
ing host records supplied by the New 
York State Science Service, have been 
published by Mr. Anastos (1947). The ticks 
collected from vertebrate hosts in 1947 
were identified by Mr. Nardy, and verified 
by Mr. Anastos and Dr. Bequaert. 

In the course of these studies of tick- 
host relationships through 1946 and 1947, 
a total of 275 mammals representing 16 
species, and 74 birds representing 26 spe- 
cies were taken and searched for ticks. 
From these 367 animals, 2801 ticks repre- 
senting 7 species were collected. 

The seven species are: Dermacentor 
variabilis (Say), Haemaphysalis leporis- 
palustris Packard, Ixodes cookei, Packard, 
Ixodes Dentatus Neumann, Ixodes muris 
Bishopp & Smith, Ixodes scapularis Say 
and Ixodes marzi Banks. 

The hosts of all of the species of ticks 
thus far found in the course of this work on 


1 Presented at the Chicago Meetings, Dec. 


Some Host Relationships of Long Island Ticks! 
D. L. Cottins, R. V. Narpy, and R. D. GLascow 
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Long Island are as follows: Dermacentor 
variabilis (Say): White-footed mouse Per- 
omyscus leucopus Rafinesque; meadow 
mouse, Microtus pennsylvanicus Ord; 
Eastern skunk, Mephitis mephitis (Peale & 
Beauvois); Raccoon, Procyon lotor (L); 
opossum, Didelphia virginiana Kerr; short- 
tailed shrew, Blarina brevicauda (Say); 
long-tailed shrew; Sorex cinereus Kerr; 
jumping mouse Zapus hudsonius (Zimmer- 
man); gray squirrel, Scturus carolinensis 
Gmelin; house rat, Rattus norvegicus, red 
fox; Vulpes fulva (Desmarest); and man. 

Haemaphysalis leporis-palustris Pack- 
ard: Eastern cottontail, Sylvilagus flori- 
danus (Allen) ; white-footed mouse; brown 
thrasher, Toxostoma rufum rufum; and 
cuckoo, Coccyzus americanus. 

Ixodes cookei Packard: Red fox; brown 
weasel, Mustela cicognanii cicognanit Bon- 
aparte. 

Ixodes dentatus Neumann: Eastern 
cottontail, white-footed mouse, raccoon 
and man. 

Ixodes marzi Banks: Gray squirrel. 

Ixodes muris Bishopp & Smith: White- 
footed mouse; Eastern skunk; long-tailed 
shrew; short-tailed shrew; gray squirrel; 
red fox; Virginia deer, Odocoileus virgini- 
anus Bodaert; raccoon; chipmunk, T'amias 
striatus (L.); house rat; Eastern cottontail, 
catbird, Dumatella carolinensis; song 
sparrow, Melospiza melodia; towhee, Pi- 
pilo erythrophthalamus; American robin, 
Turdus migratorius ; and brown thrasher. 

Ixodes scapularis (Say): Eastern cotton- 
tail, Eastern skunk and man. 

These data from the Long Island collec- 
tions disclosed several previously unre- 
corded tick-host relationships. From the 
1946 collections Mr. Anastos (1947) 
writes: 

“During this (Long Island) survey 
Ixodes muris has been observed and re- 
corded for the first time from the long- 
tailed shrew, gray squirrel, Eastern cotton- 
tail rabbit, red fox, chipmunk, raccoon, 
skunk, Virginia deer, red-eyed towhee, 
catbird, eastern or American robin, and 
brown thrasher. This makes 12 new hosts 
for the larval and nymphal forms of Ixodes 
muris Bishopp & Smith. Also recorded for 
the first time was the larval form of 
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Dermacentor variabilis (Say) from the 
long-tailed shrew. This represents the 
first record of any species of tick taken 
from the long-tailed shrew in the North- 
eastern United States.” 

The continuation of this survey of tick- 
host relationships on Long Island in 1947 
added three more apparently new records. 
These are the collection of Ixodes scapu- 
laris from the eastern skunk and Hae- 
maphysalis leporis-palustris from the yel- 
low-billed cuckoo and white-footed mouse. 

Thousands of specimens of adult Der- 
macentor variabilis were collected by drag- 
ging, but the only other species captured 
in this way, or in any other way except 
from the hosts, was Ixodes scapularis. Of 
this species, 10 males and 4 females were 
taken in 1946 by dragging at Montauk 
Point, and 1 female was taken by dragging 
near Southampton in 1947. 

Dermacentor variabilis, in the adult form 
was the predominant species on red fox 
and raccoon. The red fox had the highest 
total average of ticks per host (103) and 
also the highest average of D. variabilis 
per host (54). The only adult tick of any 
species found on the red fox was D. vari- 
abilis. 

The immature stages of Dermacentor 
rariabilis were found largely on the white- 
footed mouse and the meadow mouse, the 
white-footed mouse apparently being the 
most important, at least in the areas 
studied. 

Fifty-four meadow mice had 9 imma- 
ture Dermacentor variabilis; whereas 111 
white-footed mice had 98 immature D. 
variabilis. Thirty shrews had 5 D. vari- 
abilis larvae; 46 rabbits had 2 D. vari- 
abilis nymphs; 13 squirrels had 2 D. vari- 
abilis nymphs; 1 house rat had 1 D. 
variabilis nymph; 1 jumping mouse had 1 
D. variabilis nymph. 

There was a much higher incidence of 
Dermacentor variabilis on animals collected 
east of the Shinnecock canal. All evidence 
indicates that this is the true condition 
even though the numbers of animals cap- 
tured in the two areas was disproportion- 
ate, the larger number having been taken 
in the eastern area. 

Approximately the same number of 
rabbits were taken east and west of the 
Shinnecock canal; that is, on the Montauk 
Peninsula in the east, 20 rabbits were 
captured, and in the Islip and Smithtown 
areas to the west, 26 rabbits were taken. 
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It is interesting to note that in the western 
section, of 462 tick specimens found on 
rabbits, 409 were Ixodes dentatus, and that 
this is the only instance where /. dentatus 
was the predominant species. On the rab- 
bits collected east of the canal, of 430 tick 
specimens 164 were Haemaphysalis leporis- 
palustris, 133 were I. dentatus, 127 were I. 
muris, 1 was I. scapularis and 5 were Der- 
macentor variabilis. 

On seven gray squirrels collected west 
of the canal the only ticks found were 
Ixodes marxi, 37 specimens, whereas on 
the six squirrels from the eastern section, 
158 specimens of I. muris and 3 specimens 
of Dermacentor variabilis occurred, with 
no I. marxt. 

Although Dermacentor variabilis would 
appear to be the most common species on 
Long Island to the casual observer who 
judges only by the number he picks up on 
his clothing, it was not the most common 
species actually found on, the mammals, 
and did not occur at all on birds. Ixodes 
muris was the prevalent species on mam- 
mals, being predominant on white-footed 
mouse, meadow mouse, shrews, gray 
squirrel, house rat, eastern skunk, chip- 
munk, Virginia deer, and on the birds. 
With the exception of three specimens of 
Haemaphysalis leporis-palustris, I. muris 
was the only species found on birds. Of 
these three specimens of H. leporis- 
palustris, one was taken from a brown 
thrasher from Montauk Point and two 
from a yellow-billed cuckoo from Red 
Cedar Point (Hampton Bays). 

The red fox had an average of 49 im- 
mature ticks per host, an average of 44 per 
host being Ixodes muris, and the remaining 
5 per host being I. cookei. The majority of 
these immature ticks were found attached 
to the tender skin between the toes. There 
were no larvae or nymphs of Dermacentor 
variabilis. 

The eastern skunk and the gray squirrel 
also proved to be important hosts of the 
immature stages with an average of 47 
nymphs and larvae per host for the skunk, 
all of which were Ixodes muris, and 15 
nymphs and larvae per host for the squir- 
rel, 12 of which were J. muris, the remain- 
ing 3 being J. marazi. With the skunks and 
the squirrels the immature stages were not 
largely confined to the feet but were found 
between the shoulders and at the axilla. 

No adult ticks of any species were found 
on birds. Further, adults were found on 
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only an extremely small percentage of 
mice. Many of the larger mammals were 
apparently acceptable to both the im- 
mature and adult stages. 

Ticks were entirely absent from the 
following species of birds: Chipping spar- 
row, Spizella passerina passerina; uni- 
dentified sparrow; kingbird, Tyrannus 
tyrannus; herring gull, Larus argentatus; 
black duck, Anas rubripes; English spar- 
row, Passer domesticus domesticus; green 
heron, Butorides virescens virescens ; horned 
lark, Eremophila alpestris; purple grackle, 
Quiscalus quiscula; redstart, Setophaga 
ruticilla; common tern, Sterna hirundo 
hirundo; red-eyed vireo, Vireo olivaceus; 
yellow warbler Dendroica petechia; north- 
ern yellowthroat, Geothylypis — trichas 
brachidactyla; unidentified warbler; ring- 
necked pheasant, Phasianus colchicus 
torquatus; pigeon hawk, Falco columbarius 
columbarius ; crow, Corvus brachyrhynchos; 
mallard duck Anas platryrhynchos _ pla- 
tyrhynchos; and red-winged — blackbird, 
Agelaius pheoniceus. 

The flying squirrel, Glawcomys volans 
volans, was the only mammal that was 
completely free of ticks. This is not sur- 
prising considering how little time a fly- 
ing squirrel spends on the ground in 
areas where it could acquire ticks. Many 
birds, on the other hand, spend consider- 
able time on the ground or in thickets 
where they could easily become infested. 
It is probable that a larger series of birds, 
especially of those that often frequent 
the ground, would show that many of 
those listed above as “tick free,” often 
acquire them. This is already known to be 
true of the pheasant in other sections. 

One larva and one nymph of an uni- 
dentified species of Ixodes were found at- 
tached to the arm of one of the authors. 
Both of these specimens probably came 
from a white-footed mouse which had 
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been examined earlier the same day. En- 
gorgement had not occurred, and man 
could not, perhaps, be considered a “‘host” 
on the basis of such a record. 

The shrews furnished interesting rec- 
ords, and it is possible that they are ac- 
tually more important than they appeared 
since every shrew examined was dead in 
the trap when found, leaving the possibil- 
ity that ticks may have left the host 
shortly after its death, and before it was 
brought in for examination. 

ADDITIONAL OBSERVATIONS ON Derma- 
centor variabilis.—In 1946, along the 
Montauk highway, adult ticks, Derma- 
centor variabilis, were found in especially 
large numbers in the grass around piles of 
horse manure. 

On another occasion, dozens of speci- 
mens were found on the greasy skull of a 
sheep which had apparently been thrown 
out in the grass, on the north side of the 
dunes along the beach near Easthampton. 
Many more were found on the grass 
blades around and overhanging the skull. 

In 1947 a concentration of adults was 
noted on the door and door jamb of a 
small pumphouse situated in the heath 
area at Hither Hills. 

On another occasion, in Bay Shore, 
hundreds of adult ticks were found on the 
timber sides, and in the grass adjacent to, 
a small boat slip leading from one of the 
canals. There were comparatively few 
ticks elsewhere in the vicinity. 

An interesting observation was the find- 
ing of a larva of Dermacentor variabilis 
attached to an engorging nymph of the 
same species which was attached to a 
white-footed mouse captured at Montauk 
Point in August, 1947. The larva had its 
rostrum inserted into the body of the 
nymph immediately behind the second 
pair of legs, on the right lateral surface. 
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Residual Toxicity of DDT Analogs and Related Chlorinated 
Hydrocarbons to House Flies and Mosquitoes! 


Rosert L. Perriy and James B. Ganan,? U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


The long-lasting residual toxicity of 
DDT to insects has made it of special 
value in the control of house flies and 
malaria mosquitoes. A considerable num- 
ber of DDT analogs have been tested, 
chiefly as sprays and dusts, against differ- 
ent species of economic insects, and a few 
of the compounds have shown a high 
degree of toxicity to some species. As a 
residual toxicant to house flies and mos- 
quitoes, however, apparently only one, 
dichlorodipheny! dichloroethane’, has been 
reported upon. Sweetman (1947) found 
that this analog was about equal to DDT 
in residual effectiveness when applied to 
livestock for the contol of horn flies, 
stable flies, and house flies. Fay et al. 
(1947) showed that 200-mg.-per-square- 
foot deposits of dichlorodipheny] dichloro- 
ethane were effective for 8 weeks against 
mosquitoes, but in 26 weeks were less 


effective than DDT at the same dosage. 
Against house flies this compound showed 


little initial toxicity. 

The present paper contains a report on 
the results of laboratory residue tests 
with 21 analogs of DDT and 19 other 
new chlorinated hydrocarbons. 

SCREENING TEsts.—Preliminary screen- 
ing tests were made with the 40 com- 
pounds to eliminate those noneffective as 
residual treatments. These tests were 
made by confining insects on treated 
cloths under half-sections of petri dishes. 
Four 6-inch squares of 8.2-ounce cotton 
twill were impregnated with an acetone 
solution of each analog at the rate of 100 
mg. of active ingredient per square foot. 
When dry, the cloths were stapled to 
plywood boards to provide a rigid testing 
surface. The tests were conducted with 
laboratory-reared insects in a room main- 
tained at 80° F. and 75 per cent relative 
humidity. One week after treatment 
24-hour exposures were made with adult 
yellow-fever mosquitoes, Aédes aegypti 

‘ This work was conducted under funds alloted by the Na- 
tions il Military Establishment to the Bureau of Entomology and 
Plant Quarantine. 

? The authors acknowledge ihe, advice and assistance of W. V. 
en in charge of the Orlando, Fla., laboratory of this Bureau, 
and the assistance of Fred R. Shillcutt and George Brymer in the 


conduct of the work. 


* DDD or TDE. 


(L.), and house flies, Musca domestica L., 
on two of the four panels and on the other 
two panels the following day. Approxi- 
mately 50 2-day-old mosquitoes and 40 
4-day-old flies were exposed on each 
panel. A pad of cotton soaked in a honey- 
and-water solution provided food and 
water for the insects. 

The following compounds caused less 
than 90 per cent mortality of either flies 
or mosquitoes in 24 hours and were not 
tested further: 


Benzophenone, 4,4’-dichloro- 

Ethane, 2-biphenyly]-1,1,1-trichloro-2-phenyl- 

Ethane, 2,2-bis(p-acetoxypheny])-1,1,1-trichloro- 

Ethane, 2,2-bis(p-tert-butylpheny])-1,1,1-trichloro- 

Ethane, 1,1-dibromo-2,2-bis(p-bromopheny])- 

Ethane, 1,1-diphenyl- 

Ethane, 1,1,1-trichloro-2,2-bis(5-chloro-2-methoxypheny])- 

Ethane, 1,1,1-trichloro-2,2-bis(3,5-dichloro-2-methoxypheny])- 

Ethane, 1,1,1-trichloro-2,2-bis(3,5-dichloro-4-methoxypheny])- 

Ethane, 1,1,1-trichloro-2,2-bis(2,5-diethoxypheny])- 

Ethane, 1,1,1-trichloro-2,2-bis(3, 4-dimethoxypheny])- 

Ethane, 1,1,1-trichloro-2,2-diphenyl- 

Ethylene, 2,2-bis(p-bromopheny])-1,1-dich!oro- 

Ethylene, 1,1-dichloro-2,2-dipheny]- 

Ethylene, 1,1-diphenyl- 

Mesitylene, alpha, alpha, alpha, alpha’, 
pha’, alpha’’ -nonachloro- 

Methane. bis(3-chloro-6-hydroxypheny])- 

Methane, bromobis(p-chloropheny])- 

Methane, (o-chloropheny]) (p-chloropheny])- 

Methane, dichloro(p-chloropheny]) pheny!- 

Methane, diphenyl- 

Methanol, bis(p-chloropheny])- 

Sulfide, his(p-chioroph henyl)- 

Sulfoxide, bis(p-chlorophenyl)- 

Toluene, alpha, alpha, alpha, 2,4-pentachloro- 

Toluene, alpha, alpha, alpha, 3,4-pentachloro- 

Toluene, alpha, alpha, alpha, 3-tetrachloro- 

Toluene, alpha, alpha, alpha-trichloro- 

o-Xylene, alpha, alpha, alpha, alpha’, alpha’, alpha’-hexachloro- 

m-Xy lene, alpha, alpha, alpha, alpha’, alpha’, alpha'-hexachloro- 

p-Xylene, alpha, alpha, alpha, alpha’ ; alpha’, alpha'’-hexachloro- 


alpha’, alpha’, alpha’’, 


CoMPARISON OF Best ANALOGS.—Fur- 
ther comparisons of the nine best materials 
(all analogs of DDT) were made on treated 
cloths, which were tested 1 week after 
treatment and at 4-week intervals there- 
after. The testing procedure was identical 
to that described for the screening tests, 
except that the insects were exposed for 
only 2 hours instead of 24. At the end of 
the exposure period they were immobilized 
with carbon dioxide to facilitate their 
transfer to clean screen-wire holding cages. 
A pad of cotton soaked in a honey-and- 
water solution was placed on the screen 
holding cage to provide food and water 
for the insects. Records were made of the 
2-hour knock-down and the 24-hour 
mortality. 

The results of tests with DDT and nine 
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Table 1.—Comparative knock-down and mortality of Musca domestica and Aédes aegypti exposed 
for 2 hours to residues of DDT analogs applied to cloth panels at the rate of 100 mg. per square foot. 
(Averages of tests on 4 panels. For the 4th and 8th weeks, because of excessive check mortality on 1 
day, the averages shown are from 2 panels only.) 








Aédes aegypti Musca domestica 


Per Cent 
Mortality Per Cent 
Per Cent in24 ~*~ Per Cent Mortality 
Knock- Hours Knock- in 24 Hours 
AGE OF down ——— down _- a 
RESIDUE in 2 Both in 2 Fe- 
MATERIAL (WEEKs) Hours Sexes Hours Male male 


Ethane, 1,1,1-trichloro-2,2-bis(p-chloro- 1 100 100 19 95 
phenyl)-[DDT], byproduct oils: Not 4 96 100 96 100 
distilled 8 78 100 47 100 

12 69 99 12 97 
16 43 98 0 80 

Q7 87 0 Q4 
24 0 18 0 14 


Distilled 98 100 1 84 
83 97 0 79 
38 98 1 
26 91 0 
23 78 0 


Ethane, 1,1,1-trichloro-2,2-bis( p-tolyl) - 100 100 52 
90 95 5 
60 62 1 


Ethane, 1,1,1-trichloro-2- 100 100 
(p-chloropheny])-2-phenyl- 5S 91 
52 

29 


Ethane, 1,1-dichloro-2,2-bis 99 
(p-chloropheny])-, [TDE} d f 46 
§ 31 


Ethane, 1,1,1-trichloro-2- j 87 
(o-chloropheny!)-2- 
(p-chlorophenyl)-, [0,p-DDT) 12 


Ethane, 1,1,1-trichloro-2,2-bis } 81 


(p-fluoropheny!l)- é 16 
3 


Ethane, 1,1,1-trichloro-2,2-bis i 69 
(p-methoxypheny])-, [methoxychlor] 22 

3 

29 

34 

34 

10 

26 

17 


Ethane, 2,2-bis(p-bromopheny])- 59 
1,1,1-trichloro-, [p-brome-DDT]} 20 

9 

34 


Standard: Ethane, 1,1,1-trichloro-2,2-bis 100 
(p-chlorophenyl)-, [DDT] 100 
100 

100 

100 

99 

89 

99 

99 
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of the analogs are given in table 1. Initial 
tests on week-old residues showed that 
four compounds in this group were as 
toxic as DDT to adult Aédes aegypti. 
Five others gave mortalities ranging from 
69 to 99 per cent. The best compound was 
a sample of “DDT byproduct oils,” the 
composition of which is unknown. This 
material caused 100 per cent mortality 
for 8 weeks and was highly effective for 
16 weeks. The standard DDT residue 
gave 100 per cent kill of mosquitoes 
for 16 weeks and was 99 per cent effective 
after 32 weeks. 
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square foot. A small electric sprayer with 
a DeVilbiss nozzle was used to treat the 
boards. House flies confined under petri 
dishes were exposed on these treated 
boards for 30 and 120 minutes on 2 days 
the first, fourth, and eight weeks after 
treatment. 

In tests against house flies (Table 2) no 
significant differences in knock-down or 
mortality were shown by the three treat- 
ments on the initial exposures. After 4 
weeks the B sample of methoxychlor and 
DDT were about equal in toxicity, and 
both were markedly superior to the A 


Table 2.—Comparative toxicity to house flies of two commercial methoxychlor wettable powders and 





DDT. Average of 6 tests, 1 on each panel, on 2 consecutive days. 





30-MINUTE ExPosuRE 


120-MinutEe ExposurE 





Per Cent 
Knock- 
down in 
2 Hours 


AGE OF 
RESIDUE 
(WEEKs) 


MATERIAL 


Methoxychlor: 

Sample A 1 99 
+ 55 
8 31 


Sample B 


Male 


Per Cent Kill 
in 24 Hours 


Male Female 


Per Cent Kill 
in 24 Hours 


Per Cent 
Knock- 
down in 


Female 2 Hours 


100 


100 
92 


100 
63 
28 


100 
84 
82 


100 
97 
98 


100 
85 
75 


100 
100 
100 


100 
100 
98 


100 
100 
94 


100 
100 
96 


100 
98 
84 


100 
100 
95 


100 
100 
100 


100 
98 
46 


100 
94 
70 


100 
99 
95 





Four of the analogs of DDT were highly 
toxic to house flies as week-old residues, 
but only methoxychlor (the methoxy 
analog) retained a high degree of toxicity 
as long as 12 weeks. This analog was the 
only one that showed greater toxicity to 
house flies than to mosquitoes. The sample 
of “DDT byproduct oils,” which was the 
most effective against mosquitoes, gave 
100 per cent kill of house flies after 8 
weeks, but was ineffective after 12 weeks. 
By comparison, DDT residues provided 
100 per cent mortality for 12 weeks and 
remained highly effective for 24 weeks. 

COMPARISON OF Two MrTHOXYCHLOR 
SAMPLES.—Two proprietary samples of 
50 per cent wettable methoxychlor were 
compared with a standard 50 per cent 
wettable DDT. One per cent suspensions 
of each of these materials were sprayed 
on three plywood boards at the rate of 
100 mg. of the active ingredient per 


sample of methoxychlor. After 8 weeks 
the B sample, in the 30-minute exposure, 
gave definitely greater knock-down of 
both sexes and greater kill of female flies 
than DDT. The A sample was relatively 
ineffective at this time. 
SumMAry.—Laboratory tests were con- 
ducted against house flies, Musca domes- 
tica L. and _ yellow-fever mosquitoes, 
Aédes aegypti (L.), with 21 analogs of 
DDT and 19 other new chlorinated hydro- 
carbons. Nine of the analogs, as dry 
residues, caused 90 per cent or higher 
kills of one or both species of insects at 
exposures of 24 hours, and were tested 
further at exposures of 2 hours. Only four 
of them caused 100 per cent mortality of 
mosquitoes when they were a week old 
and none were as long lasting as DDT. 
The best material was a sample of “DDT 
byproduct oils,” the composition of which 
is unknown. It provided 100 per cent 
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mortality for 8 weeks, as compared with 
16 weeks for DDT. 

Four of the analogs were highly toxic 
to house flies during the first few weeks, 
and the best of these was methoxychlor 
(the methoxy analog). It remained effec- 
tive for as long as 12 weeks, and was the 
only one exhibiting greater toxicity to 
house flies than to mosquitoes. DDT resi- 
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dues were highly effective for 24 weeks. 
Two proprietary samples of 50 per cent 
wettable methoxychlor were compared 
with a standard 50 per cent wettable 
DDT powder to determine their effect on 
house flies. One of the methoxychlor 
samples was significantly more toxic than 
DDT at the end of the eighth week. The 
other sample was markedly inferior. 


LITERATURE CITED 


Fay, R. W., E. L. Cole, and A. J. Buckner. 1947. Comparative residual effectiveness of organic in- 
secticides against house flies and malaria mosquitoes. Jour. Econ. Ent. 40(5): 635-40. 
Sweetman, H. L. 1947. Comparative effectiveness of DDT and DDD for control of flies. Jour. Econ. 


Ent. 40(4): 565. 


The Chlorinated Hydrocarbon Content of Milk from 
Cattle Sprayed for Control of Horn Flies 
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and H. D. Mann 


U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


The presence and quantity of chlorin- 
ated hydrocarbons in milk produced by 
cows sprayed with commercial prepara- 
tions containing these materials were in- 
vestigated during the summer of 1947. 
Cattle were sprayed for control of horn 
flies, Siphona irritans (L.), at 11 com- 
mercial dairies in Kerr and _ Gillespie 
Counties, Texas. Samples of milk from 
these cows were taken at regular (7-day) 
intervals and analyzed for organic chlo- 
rine or specific insecticide compounds. 
The purpose of this report is to present 
results of findings in these investigations. 
No studies were made to interpret the sig- 
nificance of the results and to draw con- 
clusions relative to the use of or potential 
toxicity hazards of the various insecti- 
cides. 

The cows were typical farm dairy 
herds, producing for the local fluid-milk 
markets. The herds contained from 14 to 
64 cows. Most of the animals were high- 
grade Jersey. Milking was done by ma- 
chine, and ordinary precautions were ob- 
served to prevent contamination of the 
milk. 

SPRAYING PROcEDURE.—AII herds were 
sprayed with water suspensions of com- 
mercially formulated wettable powders 


1 Dr. Radeleff is a member of the staff of the Bureau of Animal 
Industry and of the A.A.E.E. 


containing chlorinated hydrocarbons. The 
same insecticide and concentration were 
used at each dairy throughout the season. 

The intervals between sprayings were 
governed by the recurrence of an annoy- 
ing abundance of horn flies, according to 
the practice of dairymen. Horn flies were 
counted periodically. The dates of spray- 
ing are shown in table 1. 

The spraying procedures were similar to 
those used in commercial practice. The 
cows were sprayed in the stanchions after 
the milking had been completed. A wheel- 
barrow-type power sprayer with agitator 
was used, with a 50-foot length of hose and 
a pressure of approximately 100 pounds 
per square inch at the pump. Two flat- 
spray nozzles were fixed about 8 inches 
apart on a broom-type assembly. The 
operator, holding the two nozzles in a 
vertical line, passed them along the side of 
the cow, wetting from the neck to the tail 
and from the back to a low line along the 
sides, but not the head, the belly, or the 
udder. 

The amount of spray applied to one ani- 
mal averaged approximately 2.2 quarts. 
With 0.5 per cent concentration this is 
equivalent to 10.3 grams of insecticide. 
Much of the spray ran off; so it is difficult 
to estimate the amount of insecticide re- 
tained on the hair. 
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Table 1 —Insecticides used and dates of spray- 
ing in the different dairies. 








CONCEN- 
TRATION 
(per cent) 


SprAYING DaTEs 
(1947) 





DDT 
5/15, 6/11, 7/29, 8/22 
5/23, 6/16, 7/28, 8/22, 9/26 
5/28, 6/12, 7/15, 8/5, 8/18, 9/9 
6/24, 7/16, 8/7, 8/26,9/4, 9/25 


0. 
0. 
0. 
0. 


@ 0 Or Or 
Or Or 


2,2-bis-(p-chlorophenyl)-1,1-dichloroethane 
0.5 5/23, 6/11, 7/15, 8/14, 9/9 
0.2 5/15, 6/4, 7/18, 8/13, 9/5 


Methoxychlor 
5/23, 6/11, 7/9, 8/18, 9/3 
5/15,6/4, 7/18, 8/8, 9/12 
Toxaphene 


5/23, 6/17, 8/12, 9/10 
5/15, 6/4, 8/5, 8/29 


Chlordan 
5/15, 6/4, 8/5, 8/29 





SAMPLING AND PROCESSING THE MILK. 

Quart milk bottles were used for collect- 
ing milk samples. The bottles were 
thoroughly scrubbed with rain water and 
soap, rinsed, and dried. They were then 
capped, and one bottle was carried to each 
dairy every week. The dairyman placed in 
the bottle about 1 pint of milk, composite 
from one 10-gallon can, for a butterfat 
test. Another pint was placed in a screw- 
cap bottle and 1 ml. of formalin was added 
as a preservative. The samples were held 
in ordinary household refrigeration until 
packed and shipped by express to the 
Agricultural Research Center, Beltsville, 
Md., for analysis. Beginning June 30 the 
samples from cows sprayed with DDT 
were prepared at the Kerrville laboratory 
in duplicate in 50-ml. bottles and each was 
preserved with 0.5 ml. of formalin. 

Metuops or ANAxLysis.—The samples 
of milk from the cows that had been 
sprayed with chlordan chlorinated cam- 
phene, dichlorodiphenyl dichloroethane, 
and the methoxy analog of DDT were 
analyzed for their organic-chlorine con- 
tent by a modification of the method 
recommended by Carter (1947). The sam- 
ples of milk were extracted several times 
with a 3:1 mixture of ethyl ether and pe- 
troleum ether (Skelly B). The extracts 
were combined and then washed twice 
with water to eliminate inorganic and 
water-soluble chlorides. After treatment 
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with isopropanol and metallic sodium, the 
reaction mixture containing the organic 
acids precipitated by sulfuric acid was 
cooled in the refrigerator before filtration 
in order to get a better separation. Extrac- 
tion with a mixture of ethyl ether and 
petroleum ether was also carried out. 
Since blank samples were not always 
available, a constant correction of 0.18 
mg. of chlorine was subtracted from the 
organic-chloride determinations. Deter- 
minations of organic chlorine in milk sam- 
ples containing known added amounts of 
these materials have indicated 85 to 99 
per cent recovery. 

The samples of milk from the cows that 
had been sprayed with DDT and dichloro- 
diphenyl dichloroethane were tested for 
these compounds by the colorimetric 
method recommended for the determina- 
tion of DDT in milk (Schechter e¢ al. 
1947). With some modifications this 
method can be utilized for the determina- 
tion of these compounds in milk in 
amounts as low as 0.1 to 0.2 p.p.m. 

Resutts.—The results of the colori- 
metric determinations on samples of milk 
from the four dairies using DDT are 
shown in figure 1. Similar determinations 
on milk from the dairies sprayed with 
dichlorodiphenyl dichloroethane showed 
a maximum of 1.2 and an average of 0.4 
p.p.m. in dairy No. 5, and a maximum of 
1.1 and an average of 0.2 p.p.m. in dairy 
No. 6. 

The results of the analyses for organic 
chlorine in milk from dairies using 
dichlorodiphenyl dichloroethane, — the 
methoxy analog of DDT, chlorinated 
camphene, and chlordan are summarized 
in table 2. 

Analyses before and after pasteuriza- 
tion of a few milk samples containing 
small amounts of DDT indicated that 
this process did not decompose the com- 
pound. 

Discussion.—The amounts of organic 
chlorine found in the milk from cows 
sprayed with chlordan, chlorinated cam- 
phene, and the methoxy analog of DDT 
were so small that they are not regarded 
as definitely indicating the presence of 
these compounds. Attempts to determine 
an increase in the water-soluble chlorides 
in milk due to metabolism of these com- 
pounds were not successful, since the 
natural chloride content of the aqueous 
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Fic. 1. DDT content of milk samples from cattle sprayed on dates indicated. 


Table 2.—Organic-chlorine content in milk from dairies sprayed with several chlorinated hydro- 
carbons. 








OrGANIC CHLORINE, 
P.P.M. 


Datry Te eles Te he 
No. SAMPLING Periop! Maximum = Average 


INSECTICIDE 


Dichlorodipheny] dichloroethane 5 May 2 
6 May 2 


6 to Nov. 20 2.1 0.8 
2 to Nov. 10 1.8 
Methoxychlor 7 May 26 to Oct. 27 0.6 
8 May 22 to Nov. 10 


Toxaphene 9 May 26 to Oct. 
May 26 to Oct. 


Chlordan 11 May 22 to Oct. 





! At approximately 7-day intervals. 

The results with DDT confirmed those 
obtained by Howell ef al. (1947), that 
some DDT was found in the milk of cows 


phase of the milk was relatively high. 
Determinations of the organic-chlorine 
content of milk containing DDT and the 


colorimetric determination of DDT in the 
same milk have given consistent results in 
previous investigations (Carter 1947, 
Schechter et al. 1947). 

The results of these experiments indi- 
cate that DDT, dichlorodiphenyl di- 
chloroethane and possibly chlordan were 
eliminated in the milk, but they give no 
conclusive indications with chlorinated 
camphene and methoxychlor. 


sprayed with this insecticide. 

The presence of the compounds in the 
milk may be accounted for by one or all of 
the following possible methods of entry: 
Contamination of the milking equipment, 
mechanical transfer of the materials dur- 
ing hand milking, absorption through the 
skin of the animal, and ingestion from 
licking. —7-12—48. 
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DDT Content of Milk from Cows Fed Pea Vine 
Silage Containing DDT Residues!” 
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The results of large-scale treatments of 
peas during 1946 with DDT aerosols and 
sprays have been reported by Ditman et 
al. (1947). The present paper gives the 
results of chemical analyses of DDT in 
vines and silage from fields treated with 
DDT sprays, dusts, and aerosols. It also 
gives the results of an experiment carried 
out to determine the DDT content in 
milk from cows fed silage from pea vines 
that had been treated with aerosols. Bio- 
logical tests with house flies, Musca 
domestica L., were made with the milk 
samples to supplement the results ob- 
tained by chemical analyses. 

MaTERIALS AND Metuops.—Applica- 
tions were made during the first few days 
of May 1946. The dusts contained 1 per 
cent of DDT and 2 per cent of non-volatile 
solvent and were applied at the rate of 43 
pounds per acre. The sprays for 1 acre 
were made by diluting in 100 gallons of 
water a stock solution containing 0.5 
pound of DDT, 1 pint (450 ml.) emulsifier® 
chiefly di- and_ trimethylnaphthalenes, 
and 1.5 tablespoonfuls (22 ml.) of an 
aralkyl polyether alcohol. The aerosols 
contained 5 per cent of DDT and were ap- 
plied at the rate of 10 pounds per acre. 
Dichlorodifluoromethane or methyl chlo- 
ride was used as the propellant in these 
aerosols. The amounts of DDT applied 
per treatment in all formulations ranged 
from 0.4 to 0.5 pound per acre. All meth- 
ods were effective against the pea aphid 
Macrosiphum pisi (Klth.) but the aerosols 
were slightly inferior to the emulsion 
sprays and to the methyl chloride-pro- 
pelled aerosols. 

Samples of pea vines, taken for analysis 
from several treated fields either shortly 
after treatment or shortly before harvest 
three to four weeks later, consisted of all 
plants cut at the ground level in two 
square-yard areas. In fields where samples 
were taken shortly after treatment and 


' A cooperative experiment by the U.S. Bureau of Entomology 
and Plant Quarantine and the University of Maryland. 

> “Report of a study in which certain phases were carried on 
under the Research and Marketing Act of 1946.” 

* Velsicol A R60. 


again near harvest the latter were taken 
from areas contiguous to those from which 
the first samples were taken. 

The vines from fields that had been 
treated with DDT emulsion were placed 
in a silo on one farm and in a stack on 
another. The samples of silage for analysis 
from either the silo or the stack consisted 
of a mixture from 7 to 10 lots of 1 or 2 
pounds each taken from different points 
at a given exposed level. 

Another stack of silage was made from 
pea vines that had been treated with 
Freon-propelled DDT aerosols at the rate 
of 0.5 pound of DDT per acre. This stack 
included the crop from 700 acres of peas 
grown on several farms in the vicinity of 
the cannery. The treated fields had been 
harvested over a period of three weeks, 
four to five weeks after treatment. The 
samples of silage from this stack were 
composites taken as each of 50 barrels was 
being filled from the stack. These samples 
were fed to two 1200-pound Ayrshire 
cows for a 60-day period, beginning 
August 30. The cows were fed at the usual 
rate of 3 pounds of silage per 100 pounds 
of body weight. In addition to the silage, 
each cow received daily 15 pounds of 
mixed hay and 12 pounds of a 16-per cent 
protein grain concentrate. Both cows were 
producing milk at the rate of about 40 
pounds each per day. 

WeaTHER ConpiTIONs.—Weather rec- 
ords for May, which covers generally the 
period between treatment and harvest, 
indicated mean, maximum, and minimum 
temperatures of 64°, 85°, and 40° F., re- 
spectively. The month had a total pre- 
cipitation of 5.46 inches and 14 days in 
which precipitation exceeded 0.1 inch, 
with a maximum precipitation of 2.02 
inches in one day. 

ReEsIpuEs ON VinEs.—Chemicai analy- 
ses for organic-chlorine residues on the 
pea vines and silage were made by the 
method recommended by Carter and 
Hubanks (1946). The analyses, which are 


* summarized in table 1, showed consider- 


able variation in the quantities of DDT 
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residue on vines with all methods of appli- 
cation. The largest amounts of DDT were 
found on vines treated with Freon aerosols 
when the atmospheric temperature was 
below 50° F. The high residues found on 
vines treated at these low temperatures 
were thought to have been due to in- 
creased particle size of the aerosols. These 
large particles not only resisted weather- 
ing but gave poor coverage and poor aphid 
control. No other factors were evident 
which would account for the variation in 
residues. The quantities of residue in 
samples from fields given the same treat- 
ment differed considerably. These differ- 
ences may have been due in part to the 
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on a dry-weight basis, when taken be- 
tween August 7, 1946 and October 21, 1947. 
Although samples taken during October 
and November showed somewhat smaller 
residues, the January samples equaled the 
August samples, an indication that no de- 
terioration had occurred during the five- 
month storage period. A comparison of 
the residues found in samples taken in 
October 1946 and 1947 indicated no ap- 
preciable deterioration during a 12-month 
storage period and that DDT remained in 
the ensilage for at least 17 months after 
harvest. 

Wilson (1946b) has reported smaller 
residues in pea vine silage that has fer- 


Table 1.—Summary of DDT analyses on treated vines. 

















TIME 
BETWEEN 
TREATMENT SAMPLES DDT (pry WEIGHT) 
AND ContTAIN- — ——— 
TREATMENT SAMPLING AnALysEes ING DDT Average Maximum 

Days Number Number P.p.m. P.p.m. 
Dust 2-3 2 2 9.0 13.6 

22-23 3 4 8.1 8.6 
Spray 17-23 2 1 2.2 2.2 
Freon aerosol! 17-20 3 3 31.5 51.2 

24-27 3 1 1.0 1.0 
Methy] chloride aerosol! 17 1 1 31.4 31.4 

23 1 0 0 0 





1 Applied at atmospheric temperatures ranging from 46°-50° F. 


density of growth at the time of treatment 
and to the proportion of growth present at 
the time of treatment and the subsequent 
new growth included in the sample. 

Samples of silage taken in June from the 
stack and the silo containing pea vines 
that had been sprayed with emulsion 
showed very little DDT, whereas samples 
taken from the same locations in August 
did show some DDT. This discrepancy 
may have been due to a sampling error in 
such large masses of material. The samples 
from the silo were taken at a depth of 
about 4 feet, well below the zone of 
aerobic fermentation. At the time of col- 
lection the temperature of the ensilage 
was 182° F. 

Silage from a stack of pea vines that 
had received the dust treatment showed 


no DDT. 


Silage from pea vines that had been, 


treated with Freon aerosols showed re- 
sidues of approximately 8 to 18.7 p.p.m., 


mented than were present in the treated 
pea vines before they were cut. The dif- 
ferences could be due to nonuniformity in 
the stack. 

Residues in Milk. Wilson et al. (1946a, 
b) have reported 15 p.p.m. of DDT in 
milk from cows consuming an estimated 
1.48 to 1.84 grams of DDT daily, and a 
maximum of 44 p.p.m. in milk from a cow 
fed 24 grams of DDT daily for 5 months. 
According to Allen et al. (1946) pea vine 
silage from a field-dusted experimental 
plot contained less than 1 p.p.m. of DDT 
and no DDT was found in the milk of 
cows to which it was fed. Carter (1947) 
and Schechter et al. (1947) also reported 
that the milk from cows grazing on DDT- 
sprayed pastures and fed hay containing 
DDT residues contained up to 25 p.p.m. 
of DDT. 

In this experiment composite samples of 
the silage fed to the two cows showed a 
DDT residue of 2.7 to 5.4 p.p.m. on a 
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green-weight basis and 7.7 to 18.7 p.p.m. 
on a dry-weight basis, the daily intake for 
each cow being approximately 44 to 88 
mg. of DDT. Chemical analyses of the 
milk by a colorimetric method (Schechter 
et al. 1947) were made on August 29, be- 
fore feeding started, and once a week 
thereafter during the feeding period of 
August 30 to October 22, 1946. Samples of 
milk from the remainder of the university 
herd, which received no silage, were used 
as controls. The samples were taken by 


toxicity to the flies in the cream from test 
cows. Tremors were observed, and the 
average mortality in six weekly tests was 
25 per cent from one of the cows and 22 
per cent from the other, as compared with 
only 7 per cent in the control. However, it 
is known from chemical analysis that 
much less than 50 p.p.m. of DDT was 
present in the milk of the test cows. In 
view of this fact and the observation made 
during these tests that flies are adversely 
affected by a cream diet, it appears inad- 


Table 2.—DDT residues on pea vine ensilage. 








AVERAGE RESIDUE IN SAMPLES 





Calculated on dry weight 





Calculated on 
green weight 





SAMPLES from chlorine From chlorine From colori- 
Date ConTAIN- determina- determina- _ metric deter- 
TREATMENT SAMPLED ANALYSES inc DDT tion! tion mination 
1946 Number Number P.p.m. P.p.m, P.p.m. 
Dust June 28 1 0 0.0 0.0 0.0 
Spray June 28 2 1 0.2 0.5 
Aug. 7 2 2 6.6 16.5 9.9 
Aerosol June 28 1 1 0.1 0.2 0.0 
Aug. 7 3 3 7.3 17.4 12.4 
29 1 1 3.0? fy 
Sept. 4 1 1 2.7 8.0 
Oct. 22 1 1 2.8? 9.5 
23 1 ] 4.3? 12.0 
1947 
Jan. 16 3 3 5.4 18.7 
Oct. 21 3 3 2.8? 8.2 





1 Computed on basis that dry weight was 40 per cent of green weight. 


? Based on actual green and dry weight of sample. 


combining milk from morning and eve- 
ning milkings. 

Weekly samples of milk from the cows 
receiving silage containing DDT showed 
traces of DDT, but the amount was less 
than 0.5 p.p.m., which is near the lower 
limit of the determination by the method 
used. The milk samples from control 
cows gave no evidence of DDT by either 
method of analyses. 

In the tests with house flies, cream from 
the milk of the two cows was homogenized 
to reduce the size of the fat particles, since 
normal cream resulted in some mortality 
apparently because the flies were unable 
to digest it. For comparison synthetic 
creams were made up from skim milk and 
butter with DDT added at known con- 
centrations, and likewise homogenized. 

With the synthetic creams DDT con- 
centrations of 50 p.p.m. or less could not 
be definitely detected on the basis of fly 
mortalities. There was evidence of some 


visable to use this insect for the biological 
detection of DDT in milk or to draw con- 
clusions from data so obtained. 

Summary.—In 1946 chemical analyses 
were made to determine the DDT content 
of red vines and silage from fields treated 
with DDT sprays, dust, and aerosols. The 
DDT content in milk from cows fed silage 
from pea vines that had been treated with 
Freon-propelled aerosols at the rate of 0.5 
pound of DDT per acre was also analyzed. 

Fifteen samples of the treated pea vines 
were taken from the field before harvest, 
analyzed, and found to contain this com- 
pound in amounts ranging from 0 to 51 
p.p.m. on a dry-weight basis. Aerosols ap- 
plied at low temperatures left larger 
amounts of residue than those applied at 
higher temperatures. 

Silage made from some of the pea vines 
was found to contain DDT in amounts 
ranging from 0 to 18.7 p.p.m. on a dry- 
weight basis. 
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Silage made from pea vines that had 
been treated with Freon-propelled aero- 
sols containing enough DDT to control 
the pea aphid (7.7 to 18.7 p.p.m.) was fed 
to two milk cows in their daily ration for a 
two-month period. Chemical analyses of 
the milk from these cows showed traces of 
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DDT, but less than 0.5 p.p.m., which is 
near the lower limit of the determination 
by the colorimetric method. 

The house fly did not seem to be a satis- 
factory test insect for detecting small 
amounts of DDT in milk. 
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E1gutu ANNUAL NORTHWEST 
VEGETABLE INSECT CONTROL 
CONFERENCE 


The eighth annual meeting of the Northwest 

Vegetable Insect Control Conference was held in tke 
Multnomah Hotel in Portland, Oregon on January 
24, 25 and 26, 1949. This is a conference of State and 
Federal entomologists engaged in research or ex- 
tension work on insects affecting vegetables in Idaho, 
Oregon, Montana, Utah, Washington and British 
Columbia. California also sent representatives this 
year. 
The forenoon and part of the afternoon of the first 
day were devoted to workshop sessions. Insects 
affecting the following groups of vegetables were 
discussed : pea insects (T. A. Brindley, leader), potato 
insects (B. J. Landis, leader), soil insects (H. E. 
Morrison, leader), cole crops, lettuce, onions and corn 
(H. C. Manis, leader), sugar beets, table beets, 
tomatoes, beans and hops (W. E. Peay, leader), cane 
fruits, strawberries, currants, gooseberries, cran- 
berries and blue berries (E. P. Breakey, leader). 
Later in the afternoon of the first day, R. L. Webster, 
Chairman, Division of Entomology State College of 
Washington presented a paper entitled: “New In- 
secticides: Their use, limitations and Hazard to 
Human Health.” Following this paper, E. P. 
Breakey, Research Entomologist, Western Washing- 
ton Experiment Station, Puyallup, Washington and 
Robert Every, Extension Entomologist, Oregon 
State College, presented talks on “The Relationships 
Between Extension and Research Entomologists.” 

During the forenoon of the second day the discus- 
sion leaders presented the reports of their respective 
groups to the membership of the closed session. In 


the afternoon of the second day and the forenoon, 
of the third day the discussion leaders presented 
their reports to representatives of the insecticide and 
vegetable crop industries. 

On the evening of the second day members of the 
Vegetable Insect Conference and representatives of 
industry attended an entomologists dinner. Don C. 
Mote, Chairman Division of Entomology, Oregon 
State College, acted as chairman and representatives 
of industry presented short talks on new insecticides. 

Recommendations were made at the conference 
for the control of pea aphis and pea weevil. There 
was also considerable interest in the results obtained 
with DDD in the control of the orange tortrix, a 
serious pest of cane fruits. 

The executive committee in charge of arrange- 
ments for the 1949 conference was: George F. 
Knowlton, Utah State Agricultural College, Logan 
Utah, chairman; William C. Cook, U. S. Depart- 
ment of Agriculture, Walla Walla, Washington, co- 
chairmen and David H. Brannon, State College of 
Washington, Pullman, Washington, _ secretary- 
treasurer. 

The following executive committee was elected 
for the coming year: T. A. Brindley, U. S. Depart- 
ment of Entomology, Moscow, Idaho, chairman, 
Robert W. Every, Oregon State College, Extension 
Service, Oregon, co-chairman; and David H. 
Brannon, State College of Washington, Extension 
Service, Pullman, Washington, Secretary-Treasurer. 

Davin H. Brannon 
Secretary-Treasurer 
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The recent increase in airplane travel to 
and from foreign countries has intensified 
the problem of preventing the hitchhiking 
of insects. Preventive measures now in 
effect include quarantine inspection and 
the use of aerosols. The Bureau of Ento- 
mology and Plant Quarantine has studied 
the problem of freeing aircraft of insects 
by the use of space aerosols, residual 
sprays, and a combination of the two. 
This paper reports studies on the develop- 
ment of effective residual treatments for 
the interior of aircraft. Investigations 
were made on the longevity of effective 
residues and on the effect of repeated ap- 
plications of insecticides on various sur- 
faces, such as masonite, aluminum, cabin 
linings, and interior of aircraft. 


Toxicity of Residues from Carbon Dioxide-Propelled 
Insecticides 


R. A. Futon, O. C. McBring, and W. N. Sutuivan, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 





pared in the manner described for the 
dichlorodifluoromethane types (Goodhue 
& Sullivan 1942, Fulton et al. 1947). The 
insecticides were first dissolved in a suit- 
able solvent and then placed in a pressure 
cylinder which had _ been previously 
evacuated. A low percentage of the pro- 
pellant was added to the solution to pre- 
vent a decrease in pressure when the con- 
tainer was nearly empty. The cylinders 
were then charged with carbon dioxide by 
connecting them with a supply tank 
equipped with a reducing valve and gage. 
The valve was set for 180 pounds per 
square inch gage and the container was 
held in an inverted position so that the 
gas could bubble through the solution. 
When no more gas entered the cylinder, 


Table 1.—Percentage composition of 10 formations tested as residual sprays in carbon dioxide- 


propelled solution. 























Meray.L- Deropor- MeruyYL- 

BENZENE PIPER- ATED Pyretu- Cyrctio- IZED Luset- DicnLoro- ENE 

FoRMULA CHLOoR- Hexa- ONYL NaPH- RUM Ace- Hexa- KERO- CATING DIFLUORO- CHLO- 

No. DDT DAN CHLORIDE BUTOXIDB THALENES! ExTRactT TONE NONE SENE Om METHANE®' RIDE 
G-485 10 — — — 10 —_ — _ — — 20 60 
G-486 10 — _ — 5 —_ _ — _— — 20 65 
G-496 10 — — _ 10 - 65 10 - — 5 — 
G-542 10 _ - _ _ —_ _— _— 5 — 20 65 
G-543 5 —_ 5 _— 10 — — — —_ —_— 20 60 
G-545 10 — — -— —_— —_ —_ _ 2 i] 20 65 
G-554 10 _ _ ] — _ — _— _ _ 20 65 
G-556 5 4 — 5 _— _ _ _ _ — 20 66 
G-560 10 — —- 5 =~ 5 _— — _ —_ 20 60 


ID-11390 902 














Chiefly di- and trimethyl naphthalenes. (Velsicol 4 R-60) 
? Water-dispersible powder applied as a 10 per cent spray. 
3 Freon 12. 





The insecticides tested were DDT, 
pyrethrum, benzene hexachloride, piper- 
onyl butoxide, and chlordan. They were 
applied as carbon dioxide-propelled solu- 
tions (Fulton 1948), a method that has 
been used during the past season for ap- 
plying DDT in baggage compartments of 
aircraft. This method has several ad- 
vantages. The solution is self-propelled, 
the fire hazard is reduced, undesirable 
carriers such as oils are not needed, and 
uniform coverage is obtained with no 
streaking of the surface being treated. 
Heavy dosages were used because they are 
necessary for effective kill of agricultural 
pests, 

EXPERIMENTAL Metuops.—The car- 
bon dioxide-propelled solutions were pre- 
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it was placed in tap water to cool the con- 
tents. This cooling caused a drop in pres- 
sure to near 140 pounds. The valve was 
then reset for 150 pounds, and the con- 
tents were shaken until no deflection was 
noticed in the carbon dioxide gage. 

The solution was applied through oil- 
burner tips. The tip most suitable for this 
purpose is the 2.5-gallon-per-hour, 80° 
angle unit, which will discharge approxi- 
mately 2.3 grams of the solution per 
second. If the tip is held approximately 
16 inches from the surface and moved in a 
parallel plane at the rate of 1 foot per 
second, it will deposit about 75 mg. of in- 
secticide per square foot. 

The spray residues were applied on 9 by 
9 inch panels of masonite and aluminum 
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suspended from a wall. The panels were 
removed from the wall periodically for 
testing. By this procedure all panels were 
exposed to the same conditions for the 
duration of the test. Second, third, and 
fourth treatments were made to a group 
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pers, the Mexican bean beetle, Epilachna 
varivestis Muls., the Japanese beetle. 
Popillia japonica Newm., the Colorado 
potato beetle, Leptinotarsa decemlineata 
(Say), Tribolium sp., the margined blister 
beetle, Epicauta solani Werner, and the 


Table 2.—Mean per cent kill of confused flour beetles (adults) and American cockroaches (adults 
and nymphs) exposed to residues of formulations given in table 1, applied at the rate of 75 mg. per 


square foot. 








AGE OF 
REsIDUE 
(pays) 


G-485 G-486 G-496 G-542 G-543 G-545 G-554 G-556 G-560 ID-11390 





Aluminum panels 


1 application 
3 » 100 62 
10 50 2 
20 20 15 
30 


2 applications 
3 
10 
20 
30 


4 applications 


30 
60 
90 
120 
150 


1 application 
3 
16 
20 ‘ 
30 16 


2 applications 
3 ¢ 65 30 
10 88 47 
20 18 33 5 33 
30 12 33 42 


4 applications 
3 


: 85 84 84 
30 69 80 76 
60 90 5 67 
90 93 86 

120 94 73 96 

150 77 80 79 


100 23 


98 88 70 100 
42 18 20 100 
24 8 44 60 

4 20 84 85 


79 20 32 
28 20 

52 29 36 
16 24 j 86 


78 
38 
60 
79 59 
73 60 
70 63 


64 
70 


Masonite panels 


69 35 11 
13 14 16 
23 14 16 
55 28 24 


36 28 g 77 

38 8 32 85 100 

29 33 + 65 56 
8 24 60 26 72 


94 75 82 100 96 76 
87 80 52 69 67 96 
82 80 57 47 80 
62 85 23 33 75 97 
75 85 13 +4 38 86 
65 41 34 25 73 80 





of panels from the original series to de- 
termine the effect of repeated applications 
and heavier deposits. 

The test insects for the work during the 
winter months included the American 
cockroach, Periplaneta americana (L.), 
the confused flour beetle Tribolium con- 
fusum Duv., and larvae of the black car- 
pet beetle Attagenus piceus Oliv. For the 
late spring and summer tests, grasshop- 


American dog tick Dermacenter variabilis 
(Say) were used. From 50 to 100 insects 
were used in each test. 

The insects were exposed to the insecti- 
cide residues for 1 hour by confining them 
on the panels by means of petri dishes. 
They were then transferred to clean hold- 
ing cages which had been supplied with 
food and water, and mortality counts 
were made at 24-hour intervals for 4 days. 
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Insects showing any movement of legs or 
antennae at the end of the test period 
were considered alive. 

Ten formulations were tested. Their 
chemical composition is shown in table 1. 
They were formulated to give the maxi- 
num deposit of insecticide. 

The studies were divided into three 
series, as follows: 

(1) One application of 75 mg. per 
square foot, with toxicity tests at 10-day 
intervals for 30 days. 

(2) Two applications of 75 mg. per 
square foot 3 days apart, with four toxic- 
ity tests at 10-day intervals. 

(3) Four applications of 75 mg. per 
square foot at 10-day intervals, with 
toxicity tests made after each application 
and continued for 150 days after the last 
application. 

Resvu.tts.—Chemical analyses of the 
deposits on aluminum panels were made 
for each series and found to be approxi- 
mately 75 mg. of DDT for each applica- 
tion. 

In no case was there an appreciable loss 
from the panels held at room temperature. 
However, in later studies not reported in 
this paper, a loss was noted when the in- 
terior of a C-47 Army transport plane was 
treated with residual formula No. G-560. 
No decomposition of the DDT was de- 
tected in the plane, but temperatures as 
high as 180° F. were recorded inside the 
skin of the aircraft, where the material 
had been applied. Parts of the aircraft not 
directly exposed to the sun did not show 
this accelerated loss. 

The kill of confused flour beetles and 
American cockroaches given by the 10 
formulations is shown in table 2. 

Most of the formulations at the 75-mg. 
dosage gave good kill on the third day. As 
the residue aged, however, the toxicity 
decreased. After 30 days the effectiveness 
of eight formulations had decreased 50 to 
80 per cent. Dosages of 150 mg. gave kills 
about equal to 75-mg. dosages on the 
third day, but a smaller decrease in kill 
over a 30-day period. A dosage of 300 mg. 
per square foot gave kills about the same 
as the 150-mg. dosage. On the panels re- 
ceiving 300 mg. per square foot toxicity 
tests were made at 30-day intervals for 
150 days after the last application. For 
most formulations there was little or no 
decrease in kill over the 150-day period. 
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The four best formulations were re- 
tested against grasshoppers, roaches, and 
flour beetles. The results are shown in 
table 3. G-560 was found to be the most 
effective on aluminum panels, followed in 
order by G-556, G-496, and G-485. This is 
the same general order that was found in 
the earlier tests. 


Table 3.—Mean per cent kill of grasshoppers, 
roaches, and flour beetles exposed for 1 hour to 
residues of four carbon-dioxide propelled insecti- 
cide formulations. 











NuMBER OF 
Apptications G-485 G-496 G-556 G-560 
Aluminum panels 

1 75 76 55 82 
2 49 52 83 100 
3 61 84 100 97 
+ 61 44 82 86 
5 69 90 82 86 
6 67 73 74 90 
7 _ — — ome 
8 34 86 100 100 
1 73 65 92 97 
27 60 oF 79 

3 60 65 72 85 

Masonite panels 

1 58 63 5 24 
2 76 66 77 48 
3 81 97 56 92 
4 76 53 70 49 
5 54 85 81 82 
6 79 66 74 82 
_ ~_ — _— 
8 92 71 86 68 
! 55 79 89 81 
2 87 58 36 45 
79 74 40 26 








1 30 days after eighth application. 
2 60 days after eighth application. 
2 90 days after eighth application. 


The effectiveness of G-560, a DDT for- 
mulation, against various insects is pre- 
sented in table 4. On aluminum panels this 
formula was effective against grasshop- 
pers, the Mexican bean beetle, the Japa- 
nese beetle, the Colorado potato beetle, 
blister beetles, and the American cock- 
roach. On masonite, which is a more 
porous material with an irregular surface, 
it was not so effective. 

The formulations containing DDT 
showed more visible deposit on aluminum 
than on masonite. When scratches or 
fingerprints were made on the aluminum 
surfaces before or immediately after they 
were treated, a crystalline growth formed 
along the scratch or ridge of the finger- 
print. A 90 per cent DDT water-dispersi- 
ble powder, applied as a 10-per cent spray 
was effective, but the white, blotchy ap- 
pearance, especially on dark surfaces, 
would present a problem on airplanes. 

SumMary.—The results of toxicity and 
chemical tests are given on a new method 
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Table 4.—Per cent kill in 96 hours of agricultural insects exposed for 1 hour to the residue of 
formulation G-560. 
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1 30 days after eighth application. 
? 60 days after eighth application. 
3 90 days after eighth application. 


for applying residual insecticides from 
carbon dioxide-propelled solutions in the 
treatment of aircraft interiors to kill 
hitchhiking insects. Residues applied in 
this manner gave a uniform deposit that 
were not unsightly, and there was no 
appreciable mechanical loss. 
Cockroaches, flour beetles, and carpet 
beetles were used as the test insects in the 
winter months and various agricultural 
pests in the late spring and summer. 
Deposits of 75 mg. per square foot were 
effective after 3 days but lost 50 to 80 per 


cent of their toxicity over a 30-day period. 
Deposits of 150 mg. gave the same kill in 
3 days and lost effectiveness at a slower 
rate. At 300 mg. the initial kills did not in- 
crease, but most of the effectiveness was 
retained for 150 days after the last appli- 
cation. From the standpoint of toxicity to 
agricultural insects and suitability for 
treatment of the interiors of passenger- 
carrying aircraft, the formulation con- 
taining DDT, pyrethrum, and piperony| 
butoxide was the most satisfactory. 
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ver since the insecticidal properties of 
DDT were recognized and reported, a 
wide variety of chlorinated compounds 
have been proposed as substitutes for or 
improvements on that compound, with 
the result that references to new chlori- 
nated hydrocarbon insecticides abound in 
recent entomological literature. Unfor- 
tunately the various authors’ conception 
of the term “‘new”’ is not constant, so that 
one cannot always tell from a study of 
titles whether the “new”’ insecticide is one 
previously unreported or whether it is 
merely more recent than DDT. 

This paper is a summary of preliminary 
data on the physical and _ insecticidal 
properties of three chlorinated organic 
compounds, only one of which, to the 
authors’ knowledge, has previously been 
recorded in the literature. For purposes of 
comparisons, data on DDT, benzene 
hexachloride, chlordan, and some other 
insecticides have been included in most of 
the discussions. 

March & Kearns (1948) isolated, by 
the process of chromatographic absorp- 
tion, a number of pure compounds from 
the mixture known as technical chlordan. 
The most active of these insecticidally 
was 1 (or 8a), 4,5,6,7,8,8-heptachloro- 
4: 7-methano-3a, 4,7, 7a-tetrahydroindene 
(hereafter referred to in this paper as 
“I’). This compound is an almost odorless 
white or yellowish-white, crystalline solid, 
melting at 92-93° C. It is insoluble in 
water but is fairly soluble in most organic 
solvents, including refined kerosenes. In 
the presence of strong alkalies and prob- 
ably also when exposed to certain metallic 
halides, it slowly decomposes with the 
liberation of hydrochloric acid. 

A second chlorinated hydrocarbon, 
1,2,3,4, 10, 10-hexachloro-1: 4, 5:8-diendo- 
methano-1,4,4a,5,8,8a-hexa-hydronaph- 
thalene (hereafter referred to as II), has 
been developed more recently than “I.” 
This nearly odorless compound is a white, 
crystalline solid, with a melting point of 
100-103° C. It is very highly soluble in 
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most organic solvents, but is insoluble in 
water. It is stable in the presense of 
organic and inorganic alkalies and metal- 
lic chlorides, even when these materials 
are in solution with “IT.” 

The third compound (III) is an oxy- 
genated derivative of “II.’”’ It resembles 
“IT” in most of its physical properties, 
although it is somewhat less soluble than 
“TI” in organic solvents. Its melting point 
is 173° C. It is stable to strong alkalies but 
decomposes in the presence of strong 
acids. Inasmuch as “IIL” has only re- 
cently become available for tests and has 
not been prepared in quantities sufficient 
for field experiments, not all of the sets of 
data presented here include results on 
this compound. 

The DDT (2,2-bis (p-chloropheny])-1,1, 
1-trichloroethane) used in these tests was 
aerosol grade or chemically pure (melting 
point 103° C. or above); the chlordan was 
the technical product (a mixture contain- 
ing 60-75 per cent of 1,2,4,5,6,7,8,8-octa- 
chloro-4:7-methano-3a,4, 7, 7a-tetrahydro- 
indane and 25-40 per cent of related com- 
pounds). Benzene hexachloride was used 
as the pure gamma isomer or as a product 
containing 40 per cent of the gamma 
isomer, but all results with this compound 
are reported in terms of gamma isomer. 
Technical grades of parathion (diethyl p- 
nitrophenyl thiophosphate) and _ chlori- 
nated camphene (67-69 per cent chlorine) 
and commercial samples of 3,5-dinitro-o- 
cresol dusts were included in some experi- 
ments. 

Hovuserty Tests.—The initial tests 
with these new compounds were made on 
houseflies, using the windtunnel method of 
Roan & Kearns (1948). The results of 
these tests appear in table 1 as averages 
of five replicates of approximately 100 
flies each. The LD-50 values by topical 
application of five compounds dissolved 
in 95 per cent ethanol solution, are given 
in table 2 as the micrograms of toxicant 
per gram of fly weight. The treatments 
were made to the thorax of flies, lightly 
anesthetized by CO?, in a manner similar 
to that proposed by Trevan (1922). The 
relative length of residual effectiveness 
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Table 1.—Average per cent mortality of houseflies sprayed by wind-tunnel technique. Each figure 
based on results from five replications of approximately 100 flies each. 








AVERAGE Per Cent Morta ity, 24 Hours 














Conc. y Benzene 
mg./ml. DDT Chlordan _ hexachloride :: me ag “TIT” 

2.0 98 100 

1.0 92 96 

0.5 60 73 

0.25 23 37 97 98 93 100 
0.125 12 17 86 86 82 96 
0.06 47 53 58 77 
0.085 31 28 26 54 
0.0175 20 14 17 31 


Deobase control=3.4 per cent mortality 








was determined by exposing three groups 
of approximately 125 flies each for 30 
minutes to 50 mg./square foot residues 
of the compounds applied to glass plates 
in acetone solution. The average 24-hour 
mortality of the groups of flies is recorded 
in Table 3. 

Table 2.—LD-50 values on houseflies, based 
on topical application of some chlorinated com- 
pounds dissolved in 95 per cent ethyl alcohol. 


Values expressed as micrograms of toxicant per 
gram of fly weight.! 








LD-50 IN 


CoMPOUND MicROGRAMS 





DDT 20.5 
Chlordan 4.0 
isomer 2.9 
a. x 
i 1.6 
‘aT’ ‘3 





! Data from results of tests made by W. W. Bruce, Assistant 
Entomologist, Illinois Natural History Survey. 


The data in tables 1 and 2 indicate that 
“TI.” “IT,” and “IIT” are of about the 
same order of toxicity as benzene gamma 
hexachloride being roughly 8 to 18 times 
as toxic as DDT to houseflies. The length 








of residual effectiveness (Table 3) of “I” 
and “IT” is about like that of chlordan, but 
“III” has a much longer residual effect, 
showing only a very slight decrease in ef- 
fectiveness after a month. 

An indication of the rapidity of action 
of the materials listed in table 1 was 
afforded by tests in which groups of flies 
were exposed for only 10 minutes to fresh 
deposits of these compounds applied to 
glass at the rate of 1 milligram per 1000 
sq. cm. Observations were made at 30 
minute intervals for 5 hours after the in- 
sects were removed from the treated sur- 
faces. The relative speed of action, from 
fastest to slowest, was gamma _ benzene 
hexachloride > II = III >1>chlordan> 
>DDT. Flies exposed to gamma isomer 
were 100 per cent paralyzed in 2 hours. 
All of the other compounds produced 100 
per cent paralyzed in from 3.5 to 5 hours. 

Roacu Tests.—Tests by topical ap- 
plication of five chlorinated, organic com- 
pounds dissolved in dioxane were made on 
adult American cockroaches Periplaneta 
americana, and adult male German cock- 
roaches, Blatella germanica, and tests of 
residual surfaces of the same five com- 


Table 3.—Per cent mortality of houseflies 24 hours after a 30-minute exposure to a deposit of 50 
mg. per sq. ft. of some chlorinated insecticides at various intervals after application. Each figure based 


on three replicates of 125 flies each. Compounds deposited on glass plates. 








AGE oF ReEsIDUES IN Days 











ComPpouNnD 5 Days 14 Days 21 Days 28 Days 35 Days 51 Days 
DDT 73.7 41.1 19.1 11.5 4.3 
Chlordan 93.4 58.9 1.8 
Parathion 4.0 11.1 1.6 

rs 100.0 27.0 2.0 

“at 83.8 30.0 17.9 4.6 
rae’ 100.0 100.0 95.7 The 64.3 
Control 0.6 4.0 1.0 1.7 2.3 





? Data from results of tests made by W. N. Bruce, assistant tint. Illinois Natural History Survey and G. fF. Ludvik, special 
research assistant, Illinois Natural 


istory Survey and Illinois Agricu 





tural Experiment Station. 
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pounds were run against adult B. ger- 
manica males. Topical applications were 
made by applying predetermined dosages 
of the experimental materials dissolved in 
dioxane to the abdominal sterna. The 
concentration was adjusted so that one 
cubic millimeter of solution was applied 
to each roach (Trevan 1922). 
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dan. It is apparent from data in table 
4 that the gamma isomer has the great- 
est speed of action. At all concentrations, 
this insecticide produced the maximum 
mortality in 24 hours, whereas the other 
treatments show a progressive increase in 
mortality from 1 to 5 days. Compound 
“TIT” exhibits the longest residual effec- 


Table 4.—Toxicity of some chlorinated insecticides to adult American roaches by topical applica- 
tion. Toxicants applied in dioxane solutions at rate of 1 cubic millimeter per individual. 








DosaGE 
/ 


Roacu 24 
50.0 
35.0 
25.0 
15.0 


CoMPOUND 


Chlordan 


y Benzene 
Hexachloride 








Dioxane Control 


Per Cent Paratyzep Aputt RoacuEs 
Hours Arrer TREATMENT 


72 96 120 








Table 4 is a summary of results on 
American roaches, and the data on Ger- 
man roach tests appear in tables 5 and 6. 
DDT was not included in these series of 
experiments since previous experiense 
had demonstrated that the toxicity of 
DDT to roaches is far below the dosage 
range at which these five compounds were 
applied. Against both species of roaches, 
compound “III” gave slightly better 
results than “I,” “II,” or y-benzene hexa- 
chloride and was more toxie than chlor- 


tiveness (Table 6), producing a 90-per cent 
kill of adult German males exposed for 48 
hours to a 49-day-old residue of only 1 
mg. per 1000 sq. cm. None of the other 
compounds gave an appreciable kill at 
this low level of deposit even 21 days after 
treatments were made. 

TEsTs ON GraAssHopPpERS.—The LD-50 
values for adult Melanoplus differentialis 
(Weinman & Decker)! show that “I,” 


See article on page 135. 
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Table 5.—Toxicity of some chlorinated insecti- 
cides to adult male German roaches by topical 
application. Toxicants applied in dioxane solu- 
tions at 1 cubic millimeter per roach. 
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Table 7.—LD-50 values by topical application 
on adult female milkweed bugs 96 hours after 
treatment. 














LD-50 In 
AVERAGE Per Cent Mortatity MicroGrams Per 
72 Hours Arrer TREATMENT ComPpouND ar. oF Bue! 
Dosace —~- —- 
_/g. Chlor- Chlordan 144.8+2.5 
Roacu! dan BHC I II Ill y BHC $2.5+2.5 
— —_————___—_—_———_—_—_——_ ne I $1.8+1.8 
20.0 92 II 10.3+7.5 
16.0 86 Hl 15.0+5.0 
10.0 50 
7.0 28 1 Based on an average weight of 80 micrograms per bug. 
5.0 8 82 100 = 98 100 
4.0 61 99-96 = Cuincu Bua ExperimMents.—Eight or- 
" = = = ~ ganic insecticides, formulated as dusts of 
> 4 18 ‘1 28 72 various concentrations were tested on 
1.6 12 27 4 40 chinch bugs, Blissus leucopterus, using 
1.4 4 8 11 the technique reported by Decker (1943). 





1 Based upon an average weight of 50 mg. for an adult male 
roach, 


“TI,” and “IIL” are approximately six 
times as toxic as chlordan as contact in- 
secticides and are three to four times as 
toxic as chlordan as stomach poisons. 
Parathion was more toxic than the three 
new chlorinated compounds in contact 
effect but was less toxic as a stomach 
poison y-Benzene hexachloride was inter- 
mediate in toxicity between “I,” “II,” 
“UI,” and parathion, by both methods 
of test. 

Tests oN Mitkweep Buas.—The LD- 
50 values for five chlorinated insecticides 
obtained by topical application of various 
concentrations of the compounds in 1 cu- 
bic millimeter of dioxane on the scutellum 
of adult females of the large milkweed 
bug, Oncopeltis fasciatus, are given in table 
7. In this instance, “Il” appears to be 50 
per cent more toxic than “III,” three 
times as toxic as I and the gamma isomer, 
and approximately 12 times more toxic 
than chlordan. 


ibund after exposure periods of 24 and 48 hours. 





Table 6.—Residual toxicity of 1 mg./1000 square centimeters deposits of some chlorinated insecti- 
cides to adult male German roaches at various intervals after application. Percentage dead and mor- 


Tests were run in replicates of 10 bugs 
each over a period of several days. The 
test insects were adults collected from 
their hibernating quarters in November. 
Results of this series of experiments are 
summarized in table 8. 

The minimum effective concentration 
for 3,5-dinitro-o-cresol, which has become 
the standard toxicant for chinch-bug dust 
barriers, appears to be 0.5 per cent by this 
method of testing. Concentrations of 1 to 
8 per cent consistently gave 100 per cent 
mortality in 24 hours. Although none of 
these newer chemicals may possess the 
physical properties necessary for effective 
chinch-bug control by toxic-dust barrers, 
the results in table 8 indicate that gamma 
isomer, “II”, and “IIL” as freshly pre- 
pared dusts, are equal or superior to 
dinitro-ortho-cresol in toxicity. None of 
the chlorinated materials, however, acts so 
fast as dinitro-ortho-cresol, the gamma 
isomer being the only one of the group 
which approaches it in this respect. 

Tests ON FuLL-Grown LARVAE OF THE 
Coping Moru.—The data in table 9. 








— 
~ 


AcE Deposits IN Days 
21 28 42 49 





CoMPOUND 24 48 24 48 


48 24 48 24 48 24 48 








Chteien 100 100 24 92 


y BHC 100 100 14 18 
I 100 100 64 100 
II 100 100 22 100 


Iil 





100 100 100 100 100 








0 0 0 

0 0 0 

26 0 0 

0 0 0 
100 100 100 46 100 24 90 
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summarizing tests with seven organic in- 
secticides applied topically to full-grown 
larvae of Carpocapsa pomonella, are of 
interest principally because they demon- 
strate the lack of toxicity of the chlori- 
nated hydrocarbons to this stage of the 
codling moth. Only DDT at the exceed- 
ingly high dosage of 20 to 45 mg./gram 
and gamma isomer at a somewhat lower 
dosage range (2 to 13 mg./gram) gave 
kills appreciably above the mortality in 
the solvent checks. Parathion, however, 
gave complete kill at all dosages above 
0.0185 mg./gram and produced mortality 
in excess of check results at all dosages 
above 0.0075 mg./gram. During the 
course of these experiments, it was obvi- 
ous to the authors that the greater toxic- 
ity of parathion is related to its far greater 
speed of action: Larvae treated with para- 
thion at effective concentrations showed 
the toxie effects of the insesticide almost 
immediately and rarely succeeded in 


Table 8.—Toxicity of dust formulations of 
some organic compounds applied to adult chinch 
bugs. Ten bugs used in each replicate. 








Per Cent Deap AFTER 





Per 
CENT 
Conc. 


Repti- 1 


2 3 4 
COMPOUND caTtepD Day Days Days Days 





Dimtro-o-cresol 1.00 { 100 
0.50 : 98 93 95 98 
0.25 ‘ 60 63 63 
0 0 2 
20 26 





40 48 
25 30 


10.00 
5.00 5 36 80 =—-100 
j 12 42 


Toxaphene 


Chlordan 5. d ss 73 92 
88 100 
44 60 
y Benzene Hexa- 1.00 é ted 98 100 
chloride 0.50 5 i R4 94 100 
0.25 d 72 88 92 
72 88 98 
40 64 74 
40 70 84 
40 60 


Gr Or Gr Gr Ge | Ore 


88 

79 
52 80 
22 56 86 
6 20 32 
78 98 100 
61 93 100 
57 84 100 
28 66 87 


Or Gr Or Gr cr | 





St Or Sr Or Or 


Pyrax 


No Treatment 
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Table 9.—Average per cent mortality of mature 
codling-moth larvae treated with solutions of 
some organic insecticides by topical applications. 








Dosace Rance AVERAGE 
1N MILLIGRAMS PER 
ToxicaNnT PER NuMBER CENT 
Gram LARVAL oF Mor- 
Compounb WEIcaT Tests TALITY 


DDT 0.1 20. 





115 21.6 





0 
20.0 -45.0 10 19.0 
0 


Chlorinated camphene 0.5 -20. 108 7. 
20.0 -61.0 15 3.3 





Chlordan 0.1 -20. 156 
20.0 -55. 16 





y Benzene Hexachloride 0.004 — 2. 
0 


4. 





0. 
10. 


II 0.! 
10. 0 





Parathion 





.0025- 0.0050 
.0050— 0.0125 
-0125— 0.0200 
.0206- 0.3500 


74.4 
100.0 


Solvent controls 152 11.2 








spinning more than a few strands of a 
cocoon before death occurred. Those 
larvae treated with the chlorinated hydro- 
carbons, however, appeared normal as 
soon us the solvent had evaporated. More- 
over, they proceeded to spin pupal 
cocoons, and the relatively few individuals 
which died as the result of the application 
of the chlorinated materials were in the 
pupal stage when death occurred. It seems 
logical to suspect that the greater speed 
of action and apparent toxicity of para- 
thion is related to the ability of this com- 
pound to penetrate the body wall of 
mature codling-moth larvae and was not 
due to a fumigation effect. 

Biack Carpet BEETLES AND THE 
Wespine CiotuEs Moru.—the resist- 
ance of wool samples treated with various 
low concentrations of six chlorinated 
organic insecticides to attack by larvae 
of the black carpet beetle, Attagenus 
piceus, and the webbing clothes moth, 
Tineola bisselliella, was investigated ac- 
cording to the method described by 
Fletcher (1943), except that only mortal- 
ity and visual damage were used as 
criteria of effectiveness. Ten larvae of 
each species were placed on duplicate 
treatments and held for 2 weeks, during 
which time frequent observations on 
damage to wool and on larval mortality 
were made. At the end of that period, live 
and moribund larvae were removed from 
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Table 10.—Extent of feeding (0=none; 10=holes in wool) and per cent mortality of black carpet 
beetle and webbing clothes moth larvae confined on wool circles treated with various percentage 
solutions of some chlorinated compounds in ethyl alcohol. Ten insects used in each infestation per 


test. 








2 Weeks After 


Per Cent 


Per CENT 


Ist Infestation 


Dead & Feed- 


Carpet BEETLES 
1 Week After 
2nd Infestation 


Per Cent 
Dead & 


Moribund ing 


30 


Compound Conc. Moribund ing 
DDT 0.1 40 0 80 
0.05 60 0 30 
0.625 20 0 0 
0.1 0 0 0 
Chlordan 0.1 50 0 10 
0.05 60 $s 20 
0.025 0 3 0 
0.01 0 5 0 
y Benzene 0.1 100 0 0 
hexachloride 0.05 50 1 0 
0.025 0 2 0 
0.01 0 3 0 
I 0.1 100 0 0 
0.05 100 0 0 
0.025 80 0 20 
0.01 20 1 20 
II 0.1 100 0 
0.05 100 1 40 
0.025 100 1 0 
0.01 30 1 
Ill 0.5 100 0 100 
0.1 100 0 100 
0.05 90 0 20 
0.025 100 0 100 
0.01 100 0 100 
0.005 100 0 100 
Alcohol Check 10 5 0 


CLotues Motus 


1 Week After 


Ist Infestation 2nd Infestation 


Per Cent Per Cent 
Dead &  Feed- Dead &  Feed- 
Moribund ing Moribund ing 





Feed- 


0 90 0 40 0 
0 66.7 0 10 1 
0 70 2 70 3 
0 30 8 10 9 
0 50 1 +0 1 
3 16.7 1 20 3 
6 0 1 20 5 
7 0 4 30 4 
1 100 0 80 1 
3 90 0 10 2 
5 50 0 10 5 

30 1 0 5 
3 50 1 20 1 
2 40 1 0 2 
2 60 3 0 6 
3 40 $ 0 6 
1 90 0 100 0 
2 80 0 20 0 
3 80 1 20 1 
} 80 1 0 2 
0 100 0 50 0 
0 100 0 80 0 
0 60 0 90 0 
1 60 0 oO 0 
0 50 0 100 0 
0 60 1 20 1 
8 30 7 0 8 





the test circles, and damage to the fabric 
was assessed by examination under low 
magnification. An arbitrary scale of 0 to 
10 (0=no feeding, 5= moderate damage, 
10=holes in wool) was used to indicate 
the relative extent of feeding. All treat- 
ments were then reinfested immediately 
with 10 fresh larvae per test dish, and 
records were again made a week later. 
These results appear in table 10. 

Against black carpet beetle larvae, 
DDT and “IIT” were the only compounds 
which prevented damage almost com- 


pletely at all concentrations during the 
two periods of infestation. Compounds 
“IT and “IT” were almost as effective dur- 
ing the first 2 weeks, but showed a marked 
reduction in toxicity and repellency after 


the tests were reinfested. Chlordan and 
y-benzene hexachloride were relatively 
less effective than the other materials ex- 
cept at the 0.1 per cent level. 

DDT was much less effective against 
clothes moths than against carpet beetles. 
Compound “IT” gave some indication of 
the same tendency. Only “IIT” was al- 
most completely effective at all concentra- 
tions against clothes moths after the 
second infestation. 

Another test method, patterned after 
one developed by Warren Moore!, was 
used to investigate the relative toxicity of 
six organic compounds to black carpet 
‘beetles. In this method the test compound 
is dissolved in a volatile solvent and in- 


1 Private communication, 1945. 
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timately mixed with suitable larval food 
(vround dog food, fishmeal and yeast, etc.) 
as the solvent evaporates. The treated 
food is then placed in a 50-mm. crystaliz- 
ing dish, and a mated pair of young adult 
carpet beetles is introduced into the dish. 
Observations are made at two day in- 
tervals until death of the female occurs, 
after which less frequent observations are 
made, and the presence of eggs or hatched 
eggs and living or dead larvae is recorded. 
Table 2 presents results of this series of 
tests, expressed as the minimum effective 
concentration—.e. the concentration at 
which and above which no eggs were laid 
or no larvae succeeded in living past the 
first instar. 

DDT, an effective insecticide against 
carpet beetles, is shown by the data in 
table 2 to be only 0.25 per cent, or less, 
as toxic as the other compounds by this 
treated-food technique. Both gamma 
isomer and parathion are effective at re- 
markably low dosages. Here again, the 
relative speed of action plays an impor- 
tant part, since in most tests at effective 
levels of gamma isomer or parathion, the 
adults were quickly paralyzed even before 
the females had a chance to deposit eggs. 

FieLp-LABoRATORY TESTS ON ADULT 
Pium Curcuiio.—Karly in the spring, 
adult curculios, Conotrachelus nenuphar, 
were collected at intervals by jarring from 
apple and peach trees in the extreme 
southern section of Illinois. As soon as 
the leaves on peach trees at Urbana had 
opened fully, 4-year old trees were 
thoroughly sprayed with the several 
formulations of insecticides by means of a 
portable power sprayer. Leaf samples were 
taken soon after the leaves had dried 
and were brought into the laboratory for 
tests. Groups of leaves from each treat- 


Table 11.—Concentration (in parts per million) 
of some organic insecticides impregnated in 
larval food necessary to prevent oviposition or 
development of black carpet beetle larvae be- 
yond first instar. 








Minimum EFFEctTIve 
ComPpouND Conc., P.P.M. 





DDT 400.0 
Chlordan 10.0 
y Benzene Hexachloride 2.8 

5.0 
II 10.0 
Parathion 2.5 
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Table 12.—Field-laboratory tests on adult 
plum curculios. Insecticide formulations sprayed 
on young peach trees in the field. Leaves from 
sprayed trees removed at intervals, brought into 
the laboratory, and infested with 10 curculios. 
Figures are averages of five replicates. 








Days 
Dosace rw Arter Per Cent 
Lps./100 Trest- Derap on 
CompounpD Gals. MENT 5TH Day 


DDT Wettabie Powder 2.00 





79 
14 





69 
20 


“KS “oo 


Chlorinated camphene 2.00 
(Emulsion) 


Chlordan Wettable Powder 1.00 





0.50 
0.25 





y Benzene Hexachloride 0.15 
Wettable Powder 





I Emulsion 1.00 


0.50 
0.25 





II Emulsion 1.00 


0.50 


nNoonrnooc “eonrvoneo Noro 3eovonureo 
— 
zx 


g 


0.25 





Parathion Wettable Powder 0.15 


Ise] w 
—) 





20 
30 


Check—No Treatment 


be Bel) 





ment were placed on cheesecloth stretched 
over a petri dish half full of distilled water. 
Ten curculio adults were placed on the 
leaves, and the leaves and insects were 
covered with a screened retainer made 
from the top of a pint, round, ice-cream 
carton. A wad of cotton soaked in dis- 
tilled water was placed on each screea 
cover to provide free water for the insects. 
Without access to free water, the cur- 
culios died in 1 or 2 days, even in control 
tests. Fresh leaves were brought in daily 
during the 5 days of observation, and 
daily records were made on numbers of 
insects alive and dead and on extent of 
feeding. Similar tests were begun at in- 
tervals up to a week after the trees were 
sprayed, to check the duration of effec- 
tiveness of the residues on foliage. All 
tests were replicated five times. The re- 
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sults of tests on seven organic insecticides 
against plum curculio appear in table 12. 

Although DDT and chlorinated cam- 
phene have been regarded as of little value 
in curculio control, the relatively high 
dosage of 2 lbs. to 100 gals. of these mate- 
rials showed some initial toxicity. Leaves 
removed from the trees 3 days after ap- 
plication of these insecticides, however, 
produced a low percentage mortality. All 
of the other treatments showed a high 
toxicity at all dosages in tests on leaves 
removed the same day that the trees 
were sprayed, but only “I” and “II” pro- 
duced an appreciable mortality after 3 
days, and these only at the 1-lb. dosage. 
The initial toxicity of these two materials 
at the 0.5 and 0.25 lbs. to 100 gals. 
dosages was substantially higher than 
that of chlordan at similar concentrations. 

Tests on Two-Spottep Mites.—The 
lack of toxicity of DDT and y-benzene 
hexachloride to phytophagous mites has 
brought about a serious problem of con- 
trolling these pests on crops sprayed or 
dusted with either of these insecticides for 
the control of primary pests. The authors 
have conducted preliminary experiments 
on the direct effect of spray applications 
of DDT, gamma isomer, chlordan, “IT”, 
“TI,” and “ILI” to two-spotted spider 
mites, T'etranychus bimaculatus, infesting 
greenhouse roses. 

DDT, y-benzene hexachloride, and 
“TI,” sprayed in acetone-water wetting 
agent solutions at 1 to 500 on excised rose 
leaves, produced a mortality of mobile 
stages of approximately 20 per cent, but 
these compounds had no apparent effect 
on eggs or resting stages. Chlordan and 
“T,” similarly applied, produced an initial 
kill of 30 to 50 per cent but seemed to be 
residually toxic, especially to hatching 
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larvae and newly emerged resting stages. 
Compound “III” showed no mortality 
of mobile stages over the checks 24 
hours after spraying, but many of the 
mobile stages and most of the newly 
emerged resting stages were visibly af- 
fected. Mortality records (mobile stages) 
for “III” 3 days after spraying were 100 
per cent at 1 to 500 and 85 per cent at 1 to 
1000. Moreover, scarcely any live larvae 
or festing stages could be found on the 
leaves 4 and 5 days after treatment. 

It is probably true that none of the 
chlorinated compounds here discussed is a 
promising acaricide, since even compound 
“TIT” is slow in its action and, in these 
tests, was used at concentrations far 
greater than would be practical under 
most field conditions. It does seem logical] 
to anticipate, however, that applications 
of “IIIT” and possibly “I? may not lead to 
serious mite trouble. 

SumMArRY.—The physical and insectici- 
dal properties of three new chlorinated 
hydrocarbons, “I’’ (1(1)or 3a),4,5,6,7,8,8- 
heptachlor-4:7-methano -3a, 4,7, 7a-tetra- 
hydroindene), “II” (1,2,3,4,10,10-hexa- 
chloro-1:4, 5: 8-diendomethano - 1,4,4a,5,8, 
8a-hexahydronaphthalene), and “IIT” (an 
oxygenated derivative of “II’’) are pre- 
sented and in part compared with similar 
properties for five other rather well known 
compounds. 

While minor exceptions may be noted, 
rather extensive tests on 10 species of in- 
sects show the relative toxicity of the 
materials to be as follows: “IIL” >I” 
=“]”=gamma_ benzene _ hexachloride 
>chlordan > chlorinated camphene > 
DDT. The residual effectiveness of the 
materials seems to fall in the order: 
“TWI>"’>DDT>“H">“1” = chlordan 
>gamma benzene hexachloride. 
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Chlorinated Hydrocarbon Insecticides Used Alone and in 
Combinations for Grasshopper Control 


Cari J. WernMAN! and GreorGeE C. DecKER? 


During the summer of 1946 the relative 
effectiveness of DDT, benzene hexa- 
chloride, chlorinated camphene, and chlor- 
dan against grasshoppers was _ investi- 
gated by the authors (Weinman & 
Decker, 1947; Weinman et al. 1947). Com- 
mercial use of chlordan and chlorinated 
camphene in 1947 and especially during 
1948, when approximately a half-million 
acres were sprayed or dusted in [linois 
with these materials, has given convincing 
evidence that insecticidal sprays for grass- 
hopper control are not only practical but 
give much more satisfactory results than 
are usually obtained from poison baits 
under Hllinois conditions. Observations 
made during the past two seasons have 
strengthened the conviction that in Illi- 
nois, at least, successful control of all 
economic species of grasshoppers can be 
effected from the use of 0.5 lb. of chlordan 
or 1 to 1.5 lbs. of chlorinated. camphene 
per acre early in the season or by the ap- 
plication of 1 lb. of chlordan or 2.5 to 3 
lbs. of chlorinated camphene per acre 
later, when grasshoppers are mature. 
These observations, moreover, have indi- 
cated again that sprays of these materials 
are superior to dusts, both in initial kill 
and in persistence of effecliveness. 

Since 1946 several new compounds have 
become available for experimental work. 
Laboratory and small-plot field tests, 
similar to those carried out against grass- 
hoppers in 1946, have been conducted on 
these materials to determine what place, 
if any, they may have in future control 
practices. In addition certain combi- 
nations of chlorinated hydrocarbon in- 
secticides have been tested in order to dis- 
cover what synergistic or antagonistic ef- 
fects may be expected from the combined 
action of two related materials. The dis- 
cussions which follow summarize results 
of investigations on the following materi- 
als: DDT (2,2-bis(p-chlorophenyl)-1, 1, 
1-trichloroethane), chlorinated camphene 
(67-69% chlorine), the gamma isomer of 
benzene hexachloride, chlordan (a mixture 


' Entomologist, Illinois Natural History Survey. 
. Entomologist and Head, Illinois Natural History Survey and 
Illinois Agricultural Experiment Station. 


containing 60 to 75 per cent of 1,2,4,5,6, 
7,8,8-octachloro-4:7-methano-3a, 4,7, 7a- 
tetrahydroindane and 25-40 per cent of 
related compounds), a tetraethyl pyro- 
phosphate, the so-called hexaethyl tetra- 
phosphate, parathion (diethyl p-nitro- 
phenyl thiophosphate), 1 (or 3a), 4,5,6,7, 
8,8-heptachloro-4: 7-methano-3a, 4, 7, 7a- 
tetrahydroindene (hereafter referred to as 
“T’), 1,2,3,4, 10, 10-hexachloro-1:4,5:8- 
diendomethano-1, 4, 4a, 5,8, 8a-hexahydro- 
naphthalene (“IT’’), and an oxygenated 
derivative of “IL’’ (“IIT’). The last three 
compounds are described and discussed 
_ Kearns, et al. in this issue of the Jour- 
nal. 

SmMaut-PLor Fretp Tests—All of the 
tests discussed in this section were run in 
1948. Early in the season (June 14), when 
differential grasshoppers, Melanoplus dif- 
ferentialis, were predominately in the sec- 
ond instar, a series of 18 0.025-acre plots 
was set up in a 10-acre field of red clover 
near Lincoln, Illinois. Each plot was com- 
pletely surrounded by untreated, check 
plots. Treatments were made by carefully 
weighing the amount of compound to be 
applied to 0.025 acre, dissolving the com- 
pound in a suitable solvent, adding emulsi- 
fier, and diluting with water to about 1 
gallon in a 2.5 gallon, compressed-air 
sprayer. The sprayer was of such design 
that all but a few drops of the liquid in 
the tank could be forced out. 

Counts were made in all the plots and 
check areas 1, 2, 4, 8, and 10 days after the 
spray was applied, by sweeping with a 
standard net. The results of these tests, 
given in table 1, are expressed as the per- 
cent reduction in grasshoppers in the 
treatments, based on the average infes- 
tation in the check plots on either side. 
Negative percentages, of course, indicate 
more grasshoppers in the treatment than in 
the adjacent check plots. Although there 
were variations in numbers of insects 
from plot to plot, the average infestation 
over the entire field was 40 to 50 per square 
yard. 

Three weeks after the first series of tests 
was made, a second series was started in 


135 














136 





made in two adjacent check areas. 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 42, No. 1 


Table 1.—Per cent reduction in young grasshoppers in 0.025-acre treatments, based on counts 








Per Cent Repuction AFTER 











LBs. PER —- 
ComPouNnD ACRE 1 Day 2Days 4 Days 8 Days 10 Days 
Chlordan 1.00 88 100 74 82 42 
Chlordan 0.50 69 80 76 41 39 
Chlordan 0.25 75 37 48 0 0 
Chlorinated Camphene 1.00 61 77 60 61 63 
Chlorinated Camphene 0.50 0 86 78 20 —24 
y isomer 0.50 82 96 93 32 52 
isomer 0.30 97 84 56 21 — 4 
a 0.50 94 94 90 67 53 
“. 0.25 91 92 91 55 41 
= a 0.125 59 48 72 45 56 
« 0.10 65 78 38 50 20 
“— 0.04 —42 32 16 — 4 —41 
on 0.50 90 98 95 84 77 
“a 0.25 87 vif 75 64 60 
0.125 70 76 62 28 20 
nee’ hey 0.10 79 69 31 77 49 
= 0.04 — 26 5 43 —l4 — 50 
Parathion (tech.) 0.15 100 79 70 26 36 
Ave. counts, all check plots 23 40 73 69 43 





another part of the same field. At this time 
differential nymphs were mostly in the 
third and forth instars. Eighteen 0.025- 
acre plots were set up in duplicate, again 
with check plots surrounding each treat- 
ment. The figures in table 2, summarizing 
the results of this second Lincoln experi- 
ment, are the average per cent reductions 
in numbers of grasshoppers in the dupli- 
cate treatments, based on sweeps made 
in two adjacent check plots for each repli- 
cate. 


A third series of small-plot field tests 
was begun near LeRoy, Illinois, on July 
24 in an 80-acre field of mixed alfalfa, red 
clover, and timothy. In this series three 
replicates of each of 20 formulations were 
tested in 0.25 acre (104 by 104 foot) plots. 
The test plots were adjacent, with chlor- 
dan borders at the ends of each group of 
replicates, so that each plot was bordered 
by a treatment on three sides and by an 
untreated area on the fourth side. The 
three replicates were placed in _ three 


Table 2.—Average per cent reduction in young grasshoppers in duplicate 0.025-acre treatments, 


based on counts made in two adjacent check areas for each replicate. 











Per Cent Repuction AFTER 





LBs. PER —— -—_—_——— 
ComMPouND ACRE 1 Day 2 Days 5 Days 

Chlordan 1.00 89 64 80 
Chlordan 0.50 83 75 69 
Chlorinated camphene 2.00 89 76 69 
Chlorinated camphene 1.00 86 33 40 
isomer 0.30 70 48 48 
y isomer 0.15 44 45 54 

‘/ & 0.50 86 70 $3 

ca ie 0.25 72 76 76 

és os 0.10 79 67 56 
. 0.05 54 26 60 
a 0.50 73 49 83 
gs 9.25 76 73 83 
"— 0.10 65 56 60 
— 0.05 55 28 29 
Parathion (tech.) 0.25 80 69 43 
Parathion (tech.) 0.125 68 67 52 
Tetraethyl pyrophosphate 0.25 87 46 60 
Hexaethy] tetraphosphate 1.00 68 41 47 
Ave. counts, all check plots 55 73 94 
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widely separated locations in the 80-acre 
field. The average infestation in the field at 
the beginning of the experiment was 85 to 
120 grasshoppers per square yard, mostly 
third, fourth, and fifth instars of Melano- 
plus differentialis, with some M. femur- 
rubrum nymphs and an occasional adult 
of M. differentials or M. mexicanus. Treat- 
ments were made with a small power 
sprayer equipped with a 13-foot boom. 
The delivery rate was adjusted to 5 gal- 
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were protected from reinvasion by adja- 
cent treatments on three sides in the Le- 
Roy tests (Table 3), most of the effective 
materials showed a longer period of resid- 
ual activity. Again compound “IT’, even 
at the low dosage of 2 oz. per acre, was 
outstanding. At the lowest dosage (2 0z.), 
“T” was faster than “IT” in its action, but 
it began to lose effectiveness after four 
days, even at the 4-ounce dosage. 
Chlorinated camphene, at 2 lbs. per 


Table 3.—Per cent reduction in large grasshopper nymphs in 0.25-acre treatments, based on counts 





made in adjacent check areas. 





Lgs. PER ————-— 
ComMPoUND ACRE 1 

Chlordan 1.00 80.7 
Chlordan 0.50 91.5 
Chlordan 0.25 94.8 
Chlorinated camphene 2.00 52.5 
DDT 2.00 42.1 

I 0.50 96.2 

I 0.25 93.4 

| 0.125 91.4 
Il 0.50 97.2 
I] 0.25 95.2 
Il 0.125 67.3 
Chlordan Wet. po. 1.00 87 .6 
y isomer Wet. po. 0.60 73.3 
“IL” Wettable powder 0.25 95.3 
Parathion 0.30 97.5 
Hexaethyl tetraphosphate 1.00 86.4 
DDT: Chlordan 7:1 2.00 81.4 
DDT: Chlordan 3:1 2.00 72:5 
DDT: “I’=15:1 2.00 84.7 
DDT: “IT” = 15:1 2.00 97.2 


Per Cent Repuction Arter Days INDICATED 





2 3 5 5 7 12 
80.7 85.8 67.3 84.4 94.6 81.8 
78.0 88.5 76.7 73.1 76.7 75.0 
59.9 76.4 61.0 86.4 76.8 69.1 
68.5 56.7 82.4 95.9 89.3 92.7 
39.1 6.3 54.1 —25.0 43 .6 
95.9 92.3 94.2 100.0 90.0 
92.4 91.3 86.8 83.9 79.2 
83.8 73.2 86.2 66.1 88.7 
92.4 93.7 95.0 99.3 94.6 100.0 
66.3 84.6 74.4 92.3 96.7 96.9 
65.9 90.8 96.9 73.1 97.9 100.0 
88.8 76.4 98.1 89.3 74.5 
80.5 78.2 85.9 79.2 75.0 
95.1 92.0 98 .4 100.0 87.5 
85.1 $2.1 $9.5 80.0 59.1 
65.9 72.4 1.6 3.8 52.1 25.0 
83.8 74.0 79.2 87.8 66.1 84.9 
13.0 60.3 65.1 61.5 50.0 78.1 
70.7 66.4 75.0 93.8 75.0 
93 .4 93.7 95.0 98.6 98.2 100.0 





lons of total spray per plot. The results 
of the LeRoy experiment appear in ta- 
ble 3. All of the compounds and mixtures 
were formulated as emulsions, except as 
otherwise noted in the table. 

Discussion OF SMALL-PLor TEests.— 
Because of the tremendous pressure from 
the surrounding control plots in the two 
Lincoln experiments (Tables 1 and 2), 
none of the materials gave complete or 
nearly complete control of grasshoppers 
after 4 days. Reinvasion of the treated 
plots occurred in 24 to 48 hours in 
the benzene hexachloride and the 3 
organic phosphate treatments, and only 
compound “II” at 0.5 Ib. per acre 
showed any considerable control after 
10 days in the first experiment. Ma- 
terials “T’and “IIT” appear to be very sim- 
ilar in initial toxicity, but “II” has the 
longer residual effect. 

Because the plots were much larger and 


acre, was approximately as effective as 
chlordan at 1 lb. per acre but was slower 
in its action. Chlorinated camphene, both 
in the LeRoy and the Lincoln experi- 
ments, showed a somewhat longer residual 
action than chlordan at relatively high 
dosages. At LeRoy, where the test plot 
was fairly well protected from reinvasion, 
gamma isomer, used as a wettable powder 
at twice its recommended dosage, gave 
fair control throughout the test period, 
being approximately equal to parathion 
(at twice the dosage of parathion) and 
superior to hexaethyl tetraphosphate in 
this respect. 

The combination of DDT and “IL” in 
the ratio of 15 to 1 showed a quicker action 
than the comparable dosage (2 oz.) of 
“IT” used alone, but the addition of DDT 
to “I” added little to the speed of action 
or to the ultimate control. There is a 
slight indication of synergism in the action 
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of DDT and chlordan in the ratio of 7:1 
but the 3:1 combination indicates an ac- 
tual antagonistic effect, since this mix- 
ture gave somewhat poorer results than 
the same dosage of chlordan 8 ounces 
used alone. 

Because the “II” plot at Lincoln was 
the only one which showed a continued 
resistance to reinfestation during the en- 
tire period of observation, it seemed in 
order to check the possible repellent ac- 
tion of this compound. For this experi- 
ment, flats 14 by 20 inches were planted 
to corn and beans. When the plants were 
6 to 8 inches high, half a flat was sprayed 
with “IL” at a dosage of 4 lbs. to 100 gals., 
and the other half was left unsprayed. 
Other flats were similarly sprayed with 
“II” at 2 lbs. and 1 Ib. per 100 gallons, 
with parathion at 1 lb., and with pyrax at 
4 lbs. to 100 gals. One flat was left com- 
pletely unsprayed. All of the flats were ex- 
posed to grasshopper attack in a field of 
red clover having a grasshopper popula- 
tion of approximately 25 per square 
yard. Bigger! has demonstrated that this 
half-flat method can be used to indicate 
even a weak repellency to grasshoppers. 
In these tests, however, none of the ma- 
terials showed any degree of repellency, 
since the two halves of all the treated flats 
were eaten to about the same extent each 
day of the test, which was continued for 
4 days. 

In order to get more accurate data on 
the length of effectiveness of “II” residues 
strips of alfalfa were sprayed with this 
compound at dosages of 0.25 lb., 1 Ib., 
and 5 lbs. per acre. Samples of the green- 
plants were brought into the greenhouse 1, 
5, 10, 13, 17, and 22 days after the appli- 
cation of the insecticide. The samples 
were placed in bottles of water and under 
cages, and five Melanoplus differentialis 
adults were introduced into each cage. 
Tests at each dosage and control cages 
were replicated 5 times in each series. 
Each figure in table 4, which summarizes 
this experiment, is therefore based on the 
results with 25 grasshoppers. 

It is apparent from the data in table 4 
that “IL’’ residues begin to lose effective- 
ness after 10 to 14 days and that after 21 
days, there is no appreciable toxicity even 
from the residue on plants sprayed with 
“IT” at 5 lbs. per acre. This high dosage 


1 J. H. Bigger, private communication. 


JOURNAL OF Economic ENTOMOLOGY 





Vol. 42, No. 1 


is, of course, about 20 times that necessary 
to give control. 

Laboratory Tests.—In addition to the 
compounds used in field tests, one new 
chlorinated compound (“IIT’’), an oxygen- 
ated derivative of “II’’, became available 
for laboratory experiments in 1948. To 
check the possible synergistic or antago- 
nistic effect of combinations of certain 
related insecticides, 18 mixtures of chlori- 
nated hydrocarbons were tested in the 
laboratory in 1948. 

The laboratory work was undertaken 
to determine the LD-50 dosages, both by 


Table 4.—Per cent kill of Melanoplus differ- 
entialis adults caged over alfalfa sprayed with 
different dosages of “‘II.”” Samples exposed in 
five cages of five grasshoppers each at various 
intervals after spraying. 








AGE OF 0.25 Ls. 1 La. 5 Les. 
RESIDUES PER PER PER 
IN Days ACRE ACRE ACRE 
l 92 100 100 
5 80 75 100 
10 100 92 100 
13 48 88 96 
17 21 68 
22 4 24 








Ave. mortality 


all checks 18 per cent 





stomach-poison and contact effect, for 
2ach of the six chlorinated hydrocarbons, 
“TIT”, and the three organic phosphate 
insecticides used alone, and for the com- 
binations of chlorinated hydrocarbons. 
For these experiments, adults of Melano- 
plus differentialis were collected in the 
field from late July until the first of Octo- 
ber. These were placed, with an abun- 
dance of succulent plants, in a screen house 
until needed for tests. 

Just before being used in tests, each 
grasshopper was weighed on an analytical 
balance to the nearest milligram and was 
then placed into a cage made from a 
clean, one-pint, cardboard ice-cream con- 
tainer, both ends of which were replaced 
with screen wire. 

For contact tests, measured dosages of 
the test compounds, dissolved in dioxane, 
acetone, or ethyl alcohol, were applied to 
the first abdominal terga by means of a 
micropipette, which consisted of a 0.5 cc. 
tuberculin syringe, the plunger of which 
was moved by a micrometer caliper grad- 
uated into thousanths of an inch, Each 
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division on the micrometer scale delivered 
(0.000188 ml. of solution. After treatment 
the insects were returned to the cages, 
now supplied with suitable food, and the 
cages were placed on a bench in the green- 
house for the duration of the test. 

In the stomach-poison tests, using the 
same micropipette, measured dosages of 
compounds dissolved in a suitable, volatile 
solvent were pipetted on 1-inch circles, 
cut from leaves taken from unsprayed 
apple trees. By moving the leaf section as 
the liquid flowed out of the needle, a fairly 
uniform deposit could be spread over the 
leaf dise. After the solvent had evapo- 
rated, the treated leaf section was intro- 
duced into a cage containing a weighed 
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hopper weight (in grams) was calculated 
for each individual used in the tests. The 
results for each compound or combination 
of compounds were tabulated in ascend- 
ing order of dosage size, and averages of 
overlapping groups were plotted on log- 
probability paper, according to the method 
of Bliss (1938). As Bliss points out, this 
method may not be accurate for values 
near LD-O and LD-100, but since the 
curve must rotate around the LD-50 
point, that value should be valid, regard- 
less of the slope of the curve. Actually, 
Richardson’s method of averages (Rich- 
ardson, 1935) was used in projecting the 
curves, and this method helps to deter- 
mine also the true slope of the curve. The 


Table 5.—LD-50 Values for single compounds tested for contact and stomach-poison effect against 
Melanoplus differentialis adults, expressed as micrograms of toxicant per gram of grasshopper weight. 








CoNnTACT Stomacu Poison 
1947 1948 1947 1948 

ComMpouND Results Results Results Results 

DDT >3300.0 9380 .0 > 1350.0 2579.0 

1339.0! 1170.0! 

Chlorinated camphene 73.9 61.0 75.0 91.5 

Chlordan 16.¢ 9.8 21.8 12.0 

+ isomer 1.6 3.4 6.6 6.7 

ey 2.6 1.6 6.0 +.4 

“Tr 1.8 2.3 

“Tir 1.4 3.7 

Parathion (tech.) 0.7 0.8 6.0 8.9 
Tetraethyl pyrophosphate 4.4 
Hexaethy] tetraphosphate 18.4 





1 Suspension of colloidal DDT. Applied directly to mouth parts in stomach-poison tests. 


grasshopper. No other food was available 
to the insect for a period of 16 to 20 hours. 
At the end of that time, the remaining 
leaf fragment, if any, was measured, and 
the amount of leaf and compound eaten 
was calculated. Those grasshoppers which 
consumed only 10 per cent or less of the 
test circles were discarded. 

In all tests the insects were examined 
and given fresh, unpoisoned food daily for 
6 days after treatment. Control insects 
were given comparable dosages of sol- 
vents or untreated leaf circles. All the 
grasshoppers which died during the period 
of observation were examined for the 
presence of parasites or evidence of dis- 
ease. Diseased or parasitized individuals 
were eliminated from the records. 

At the end of the experiment, dosages 
were computed in micrograms, and the 
ratio of toxicant (in micrograms) to grass- 


numbers of individuals used in each eval- 
uation in the 1947 experiments varied 
from 27 to 135, with an average of 59 for 
contact tests and of 52 for stomach- 
poison tests. In 1948, larger numbers of 
insects were used, ranging from 45 to 130 
in contact tests, with an average of 93, 
and from 84 to 202 (average 112) for 
stomach-poison evaluations. In addition 
449 grasshoppers were used for controls. 

RESULTS, SINGLE Compounps.—The 
LD-50 values shown by both the 1947 and 
1948 tests for single insecticides are sum- 
marized in table 5. In general the values 
for the four original chlorinated hydrocar- 
bon insecticides are lower than those re- 
ported for these compounds in 1947. In 
the case of chlorinated camphene, this dif- 
ference is very probably due to the im- 
provement in the insecticide itself, since 
only pilot-plant batches of chlorinated 
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Table 6.—Calculated and observed LD-50 values for mixtures of compounds, 1948 results. 
























































Contact Sromacu Porson 

| Ratio | % % | Ratio | % | % 
| Theo- | LD-50 | LD-50 || | Theo- | LD-50 | LD-50 

MIXTURE | retical ” <r” Se | retical | of | of 

- Theo- | Ob- | toob- | com- | com- || Theo- Ob- to ob- com- | com- 
Compound Compound Ratio | retcal | served | served | pound = pound || rtical | served | served | pound | pound 
<a -_ a:b LD-50 | LD50 | LD-50 rt “b” || LD-50 | LD-50 | LD-50 | “a” | “h” 
DDT Chlorinated 3:1 239.2 222.0 1.08 1.8 91.0 330.8 232.0 1.43 6.8 | 63.3 
camphene 1:1 121.2 | 219.0 0.55 1.2 179.5 176.8 | 225.0 0.79 4.4 | 123.0 
1:3 81.2 | 230.0 0.35 0.6 282.8 120.4 | 211.0 0.57 2.0 | 173.0 
DDT Chlordan 7:1 77.8 26.4 2.95 0.2 33.7 92.8 49.1 1.89 Sav 50.8 
3:1 39.1 31.1 1.26 0.2 80.6 47.2 41.5 1.14 1.2 86.7 
Bee 19.6 13.8 1.42 0.1 70.4 23.8 16.4 1.45 0.3 68.3 
DDT | 40% gamma 7:1 67.6 32.2 2.10 0.3 47.1 128.8 86.0 1.50 2.9 64.3 
isomer 3:1 33.9 | 22.0 1.54 0.2 64.7 66.0 38.6 1.71 ty am Bk. fu 
1:1 16.9 16.9 1.00 0.1 99.4 33.4 65.5 0.51 1.8 195.2 
DDT sa ed 7:1 12.8 9.3 1.38 0.1 75.0 34.8 27.2 1.28 0.9 77.3 
3:1 6.4 6.3 1.02 0.1 100.0 17.5 10.3 1.70 0.3 59.1 

2 3.2 3.9 0.82 0.0 118.7 8.8 5.1 1.73 0.1 59.1 
DDT — 7:1 14.4 6.8 2.12 0.1 47.2 18.4 22.1 0.83 0.8 121.7 
3:1 7.2 5.7 1.26 0.0 77.8 9.2 9.7 0.95 0.3 104.3 
1:1 3.6 3.9 0.92 0.0 05.5 4.6 8.4 0.55 0.2 | 182.6 
Chlorinated Chlordan 7:1 36.8 34.8 1.06 49.7 45.9 50.4 54.3 0.93 51.9 56.7 
camphene 3:1 26.4 23.3 1.18 28.7 59.2 34.4 23.5 1.46 19.2 49.2 
1:1 16.9 14.8 1.14 12.1 75.5 21.2 12.8 1.66 7.0 53.3 





CJW: rmd 

12/1/48 
camphene were available for test in 1946. 
Probably the difference in the effective- 
ness of chlordan can be similarly ex- 
plained. There remain, however, several 
variations which cannot be satisfactorily 
explained. There are strong indications in 
the individual data to suggest that there 
is a definite variation in the vigor of grass- 
hoppers from year to year, from field to 
field, and even in insects from the same 
field collected early and late in a single 
season. The greater susceptibility to insec- 
ticides of grasshoppers from certain fields 
was so apparent that test data on more 
than 200 individuals in 1947 and approxi- 
mately the same number in 1948 were dis- 
carded. An attempt was made to over- 
come part of this variation in response to 
treatment by collecting the test insects 
only from fields in which there was a low 
incidence of parasitism and disease, al- 
though differences in susceptibility are not 
necessarily correlated with either of these 
conditions. 

The value of 9380 micrograms/gram 
for DDT as a contact insecticide indicates 
that this compound has almost no toxicity 
to grasshoppers by topical application. The 
stomach-poison value shows that DDT 


also is of a low order of toxicity to grass- 
hoppers even when ingested. The much 
lower values for suspensions of colloidal 
DDT are almost certainly due to the non- 
volatile solvent (presumably one of the 


alkylated naphthalenes) with which this 
particular product was formulated. 

Although the actual LD-50 values for 
chlordan and chlorinated camphene are 
different in the different years of tests, 
still the ratio of toxicity of these two insec- 
ticides remains fairly constant. The fact 
that field experiments indicate a lower 
ratio of toxicity (chlorinated camphene: 
chlordan) must mean that the dosage- 
mortality curves for these two materials 
converge toward the LD-100 point. That 
such is actually the case is illustrated in 
figure 1, in which the dosage-mortality 
curves are drawn from our 1948 results on 
these materials tested as stomach poisons. 
The curves show that the LD-50 ratio 
(chlorinated camphene to chlordan) of 
7.0:1 does not apply at dosages in the 
LD-90 to 99 range, where the ratio is 4.4: 1 
at LD-90 and 2.7:1 at LD-99. 

Parathion is the most toxic of the com- 
pounds tested by topical application, being 
twice as toxic as “IIT’’, the next most ef- 
fective contact insecticide. The contact 
values for “III,” “I,” “I,” and gamma 
benzene hexachloride are so close that the 
differences shown in the table may well be 
due to experimental error. As a stomach- 
poison, however, parathion is the least 
toxic of the five most effective compounds, 
although here again the differences are 
slight. It should perhaps be pointed out 
that all of the values in the table indicate 
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PER CENT MORTALITY 


Fic. 1.—Dosage mortality curves for chlordan (C) 
and chlorinated camphene (T) tested as stomach 
poisons against adults of Melonoplus differentialis. 


the average of the LD-50 range, although 
the graphic method of analysis of data 
permits the assignment of a definite, 
single LD-50 value. 

Rresuutts, Mixtures or ComMPpouNDs.— 
The results of tests on combinations of 
insectides appear in table 6. In this table, 
the relative effectiveness of the various 
materials is expressed in several ways. The 
observed LD-50 values, the actual test 
results, have little significance by them- 
selves. 

The figures for “theoretical LD-50” were 
calculated from the simultaneous equa- 

a b a 
+ =100 and —=r 
LD-50a LD-50b b 

where ‘“‘a”’ is one of the two compounds in 
the mixture, “‘b”’, the other, and “‘r’’, ratio 
of the two materials in the mixture. By 
solving for ‘fa’ in terms of “‘b” in the 
second equation and substitutiong this 
this value for ‘“‘a” in the first equation, 
the amounts of the two materials which 
together would equal 100 per cent of the 
LD-50 dosage on the basis of a purely ad- 
ditive effect can be ascertained. The quo- 
tients of the theoretical LD-50 values di- 
vided by the observed LD-50 values ap- 
pear in the second, column, “ratio, theo- 
retical: observed LD-50.”’ A value greater 
than 1.00 indicates, of course, a more- 
than additive effect, and values less than 
1.00 indicate antagonism. 





tions, 
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The columns “% LD-50 of compound 
‘a’” and “% LD-50 of compound‘b’” are 
the quotients (expressed as per cent) of the 
actual amount of “a” or “b” in the ob- 
served LD-50 value for the mixture, di- 
vided by the LD-50 value for the com- 
pound when used alone. Where the effect 
is only additive, the sum of these two col- 
umns should equal 100. 

The results show approximately ad- 
ditive effects for most combinations. Cer- 
tainly it appears that no outstanding 
synergism was uncovered by these experi- 
ments. DDT and chlordan at the ratio 
of 7:1 show the greatest over-additive 
effect, and our field tests indicated that 
the 7:1 ratio for these material was more 
effective than the same total amounts of 
these insecticides used at the ratio of 3:1. 
The field tests also gave faint evidence of 
synergism from the use of DDT and “IL” 
at a 15:1 ratio. Although this ratio was 
not included in the laboratory experiments 
the 7:1 ratio of these materials in the 
laboratory showed double the additive 
effect by contact. This may explain the 
more rapid (presumably contact) action 
of the 15:1 combination observed in the 
LeRoy experiments in comparison with 
the same amount of “II”’ used alone. 

SumMaArRy.—Six chlorinated hydrocar- 
bons and three organic phosphates were 
tested against grasshoppers in the field. 
Of these materials, 1,2,3,4,10,10-hexa- 
chloro-1:4, 5:8-diendomethano-l, 4, 4a, 
5, 8, 8a-hexahydronaphthalene (‘IL’) 
and 1 (or 3a), 4,5,6,7,8,8-heptachloro- 
4:7 methano-3a,  4,7,7a-tetrahydroin- 
dene (“II’’) were of outstanding effec- 
tiveness at dosages of 2 to 4 ounces per 
compound per acre. “II” showed a longer 
residual effectiveness than “I,” chlordan, 
parathion, or gamma benzene bexachlor- 
ide. 

No evidence of repellent action could 
be detected in plants heavily sprayed 
with “IL” or parathion. 

Greenhouse cage tests on residues of 
“IT” on alfalfa indicated that the toxic 
action of plants sprayed with this com- 
pound began to show a reduction after 10 
to 14 days and that they lost practically 
all toxicity to grasshoppers after 21 days. 

All of the compounds tested in the field 
plus an oxygenated derivative of “II” 
(“III’’) were included in laboratory tests 
designed to give the LD-50 values by con- 
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tact and by stomach-poison effect. Para- 
thion, with an LD-50 value of 0.8 mg. 
per gram, showed the greatest toxicity by 
contact effect, followed closely by “III,” 
“T,” “II,” gamma benzene hexachloride, 
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Tests of combinations of certain of the 
chlorinated hydrocarbons indicated no 
strong synergism nor antagonism, al- 
though some evidence of slight synergism 
was apparent in mixtures of DDT and 


chlordan and DDT and “II.” Within the 
narrow limits of this experiment, the 
greater the ratio of DDT to chlordan or 
“TI,” the greater the synergism, at least 
in contact effect.—12-23-48. 


and tetraethyl pyrophosphate, in that 
order. In stomach-poison effect, “II’’ was 
the most toxic (LD-50=2.3 mg. per gram) 
with “IIT’, “I,” gamma isomer, and par- 
athion falling in the same range. 
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GREETINGS FROM Dr. HERBERT OSBORN 


THE OHIO BIOLOGICAL SURVEY 


Herbert Osborn, Director 
Dwight M. DeLong, Associate Director 
Columbus 10 


350 S. Interlachen Ave. 

Winter Park, Florida 

December 30, 1948 
Dear Dr. Cory: 

I have received, relayed from Columbus, your 
kind notice of congratulations and the action of the 
AAES in honoring me with the “Honorary Member- 
ship.”’ I certainly feel very grateful for this honor 
from the society which has been one in which I have 
been a member for over a half century. Its activities 
have been one of my principal interests through the 
years and I have rejoiced in its wonderful growth 
and importance in national and international affairs 
connected with our branch of science. I feel that its 
future is certain to be one of continued progress and 
important accomplishment. I trust its future history 
will be one of abounding usefulness. 

With my best good wishes to you personally, and 
with the hope that you have a happy new year and a 
prosperous year ahead. 

Sincerely, 
(signed) 
Herbert Osborn 
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Chlorinated Hydrocarbon Insecticides 
for the Control of the Horn Fly on 
Beef Cattle in Kansas and 
Missouri 


FE. W. Laake, U.S.D.A., Agr. Res. Adm. 
Bureau of Entomology and Plant 
Quarantine 


Field tests to compare the value of chlorinated 
hydrocarbon insecticides for the control of horn 
flies on beef cattle were made in Kansas and Mis- 
souri during the summer of 1947. The tests were 
conducted in cooperation with the southwestern 
regional manager of the National Livestock Loss 
Prevention Board, the extension entomologist, the 
county agricultural agents, and many beef-cattle feed- 
ers or breeders in the two states, together with the 
State Agricultural College and the State Livestock 
Commissioner of Kansas and the University of Mis- 
souri. All the materials were furnished by the manu- 
facturers. 

The insecticides tested were DDT, the methoxy 
analog of DDT, dichlorodipheny] dichloroethane, 
chlorinated camphene, and chlordan. All the mate- 
rials were as wettable-powder sprays, and DDT was 
used in toluene emulsion. The materials were applied 
to the animals at 0.5 per cent concentration except 
for chlordan, which was used at 0.25 per cent because 
this chemical was thought to be more toxic than the 
others. A wettable-powder spray 0.25 per cent of 
DDT was used as a check. 

The materials were applied with power sprayers 
that maintained a nozzle pressure of 450 to 500 
pounds per square inch. Spray booms with triple- 
driving nozzles were used. With this equipment and 
pressure the animals could be rapidly and_thor- 
oughly drenched with the spray. An average of 2 
quarts of spray was applied to each animal at each 





SCIENTIFIC NOTES 


Table 1.—Control of horn flies on beef cattle with various chlorinated hydrocarbon insecticides. 
(Wettable-powder sprays at 0.5 per cent concentration unless otherwise indicated.) 


spraying. The approximate amount of active in- 
gredient applied to each animal was 9 to 10 grams 
when the concentration was 0.5 per cent. Only beef 
cattle, nearly all of them Herefords, were used for 
the tests. The test herds ranged over pastures in 
localities that differed somewhat, but since all the 
materials were used in each locality, the tests were 
uniform and fair for determining the comparative 
value of all the materials studied. 

The initial treatment with all the materials ap- 
plied at a concentration of 0.5 per cent was made 
during the first week in June, when horn flies ap- 
peared in annoying numbers. The first treatments 
of chlordan and DDT, at a concentration of 0.25 
per cent, were made during the third week in June. 
By this time the horn fly population had built up to 
600 or more per animal. The sprayed herds were 
observed closely at 3- to 4-day intervals, and when 
the fly population averaged more than 25 flies per 
animal, the herd was re-treated. Some of the Kansas 
herds were marketed before the end of the horn 
fly season, but most of them received at least three 
treatments, or remained in the test throughout the 
season. The average horn fly population on the Mis- 
souri herds was consistently lower than that on the 
herds in Kansas. The herds in Missouri were less ex- 
posed to untreated herds than were those in Kansas. 

With the concentrations and formulations used, 
and the intervals at which they were applied, none 
of the materials were injurious to cattle or to the 
spray operators. However, since only incidental 
observations on the toxicology of the new materials 
were made in connection with these tests, no con- 
clusions can be drawn regarding their potential haz- 
ards. Statements regarding their effectiveness in 
controlling the horn fly should therefore not be con- 
strued as recommendations for their use. 

The results of these tests, as shown in Table 1, 
indicate that— 

















AVERAGE 
NUMBER OF AVERAGE 
LocaTION NUMBER OF ANIMALS Days’ 
MATERIAL or TEST TREATMENTS TREATED PROTECTION 
DDT: 
Wettable powder Kansas 4 493 30 
Missouri 2 82 45 






Kansas 
Missouri 


Emulsion 
Methoxychlor Kansas 
Missouri 


Dichlorodiphenyl dichloroethane —_ Kansas 
Missouri 


Chlorinated camphene Kansas 
Missouri 


Chlordan, 0.25 per cent Kansas Kansas 


DDT, 0.25 per cent (check) Kansas 
Missouri 
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39 48 
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4 325 25 
3 42 50 
+ 220 27 
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(1) All the new chlorinated hydrocarbon insecti- 
cides are excellent for horn fly control. 

(2) In Kansas DDT, both as a wettable powder 
and as an emulsion, was slightly superior to the 
methoxy analog of DDT, dichlorodipheny] dichloro- 
ethane, and chlorinated camphene at 0.5 per cent 
concentration, and to chlordan at 0.25 per cent; in 
Missouri, where smaller numbers of animals were 
treated, DDT was slightly less effective than di- 
chlorodipheny] dichloroethane. 

(3) All the materials tested gave a longer period of 
protection in Missouri than in Kansas. As stated 
above, the Missouri test herds were less exposed to 
untreated cattle than were the Kansas herds. In 
previous years, and again during this year, it was 
observed that this factor greatly influences the 
length of time that the residue remains active. It is 
rather definitely indicated, therefore, that fewer 
treatments are required, regardless of the residual 
insecticides used, as long as the treated herds are 
well isolated or surrounded by treated herds. 


Recent Collections of Colorado Fleas 


Ricuarp B. Eaps, Bureau of Laboratories, 
Texas State Department of Health, Austin 


Dr. W. B. Davis, Head of the Fish and Game De- 
partment, Texas Agricultural and Mechanical Col- 
lege and a group of his students made collecting 
trips to Colorado during the summers of 1947 and 
1948. Many of the mammals taken were examined 
for ectoparasites. The specific identifications of the 
Siphonaptera are presented in this paper. 

The host determinations were made by Dr. W. B. 
Davis, Mr. Frank M. Prince C.D.C. Activities, U.S. 
Public Health Service, San Francisco, California, 
checked and identified several of the specimens. 


June and July, 1947 


Thomomys talpoides—-Pocket Gopher—38 specimens 
21 Forella ignota (Baker) 
Park County (W. B. Davis, J. T. Willis, R. L. 
Schultz) 
Citellus richardsoni—Ground Squirrel—2 specimens 
1 Hystrichopsylla gigas (Baker) 
Park County (W. B. Davis) 
Citellus variegatus—Rock Squirrel—! specimen 
10 Diamanus montanus (Baker) 
Pueblo County (W. B. Wilson) 
Eutamias minimus—Chipmunk—2 specimens 
2 Opisocrostis labis (Jordan and Rothschild) 
2 Monopsyllus eumolpi (Rothschild) 
Park County (W. B. Davis) 
Cynomys gunnisoni—Gunnison Prairie Dog—2 spe- 
cimens 
15 Oropsylla idahoensis (Baker) 
4 Opiscrostis tuberculatus (Baker) 
ark County (W. B. Davis, J. T. Willis, E. G. 
Simmons) 
Neotoma cinerea—Wood Rat—3 specimens 
19 Orchopeas sexdentatus (Baker) 
Park County (W. B. Davis, J. T. Willis, 
E. G. Simmons) 
Sylvilagus nuttallii—Cottontail—2 specimens 
32 Cediopsylla inaequalis (Baker) 
7 Odontopsyllus dentatus (Baker) 
Park County (W. B. Davis) 
June and July, 1948 


Marmota flaviventris—Woochuck—1 specimen 
4 Thrassis standfordi Wagner 
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Eagle County (J. M. Inglis and B. C. Nichols) 
Citellus richardsoni—Ground Squirrel—2 specimens 
30 Cropsylla idahoensis (Baker) 
Eagle County (B. C. Nichols and B. D. Oliver) 
Citellus lateralis—Ground Squirrel—1 specimen 
6 Oropsylla idahoensis (Baker) 
Park County (T. D. Carroll) 
Ochotona princeps—Cony—1 specimen 
1 Ctenophyllus territilis (Rothschild) 
1 Thrassis stanfordi Wagner 
Eagle County (B. C. Nichols and J. M. Inglis) 





Flea Beetles Attacking Cruciferae 


S. W. Frost':? 
State College, Pa. 


Six species of flea beetles have been associated 
with Cruciferae in Pennsylvania; Phyllotreta aerea 
Allard, Phyllotreta striolata (F.) (=vittata F.), Phyl- 
lotreta zimmermanni (Crotch) Psylliodes punctulata 
Melsh., Epitriz cucumeris Har., and Chaectonema 
pulicara Melsh. Phyllotreta aerea was commonly 
found on cabbage, turnip and radish while P. strio- 
lata was more frequently found on wild Cruciferae. 
P. zimmermanni has been taken only occasionally 
in Pennsylvania. The hop flea beetle Psylliodes 
punctulata, the potato fleabeetle Epitriz cucumeris 
and the corn flea beetle Chaectocnema pulicara were 
infrequently found on Cruciferae. 

METHOp oF SAMPLING FLEA BEETLEs. Collections 
were made once a week with an ordinary 12-inch 
sweeping net. The methods of planting and types 
of growth of the different hosts did not permit a uni- 
form procedure of securing samples. Ten complete 
sweeps were made over the tops of yellow rocket 
Barbarea vulgaris so that the insects were gathered 
from the flowers and upper parts of the plants from 
an area where these insects predominated. The 
beetles were beaten from 10 cabbage plants by hold- 
ing the net close to the ground. In the case of radish, 
the net was swept up and down a 60 foot row or 
plants with a strong but steady stroke. A similar 
method was used for turnips but the row was only 
30 feet long and the net was swept in one direction 
only. Therefore the relative figures for catches from 
turnip in table 2 are much larger than indicated. 
Not all the flea beetles, by any means, were cap- 
tured from the plants during the weekly collections. 
The populations, as will be seen, were never notice- 
ably reduced by methods of sampling. Many of the 
beetles dropped to the ground and escaped. Sticky 
fly paper placed on the ground would have insured 
a larger catch. In each case the insects were shaken 
to the bottom of the net and transferred to a cyanide 
bottle for killing. They were then taken to the 
laboratory for separation and identification. 

Weekly collections from cabbage and radish dur- 
ing 1947 were made on the same days and are di- 
rectly comparable. Those made from different hosts 
during 1948 were not taken the same days. Various 
conditions made this impossible. The radishes were 
removed long before the flea beetle population had 
reached its peak. They were also planted early and 
developed before yellow rocket was suitable for 
sweeping. Late collections from rocket were im- 


1 Dr. L. E. Dills aided in the collections of 1947 and Mr. C. L. 
Hamrum did most of the sweeping in 1948. 

2 Authorized for publication on February 28, 1949 as paper 
No. 1515 in the Journal Series of the Pennsylvania yo ot mae} 
Experiment Station. 
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Table 1.—Flea beetles collected from Cruci- 
ferae, State College, May 12-26, 1947. 











Per Cent or Tota FLEA 








ToraL BeetLe Catcu 
NUMBER 
FLEA Phyllotreta Phyllotreta Pesylliydes 
Host BEETLES aerea striolata punctulata 
Cabbage 765 97.5 1.0 1.4 
Radish 783 93.9 5.6) $8 





' All taken on May 13. 


practical because the adjacent weeds grew to such a 
height that one could not sweep the desired plants 
without capturing many insects from the surround- 
ing area. Furthermore, after the production of seed, 
the rocket began to decline. The infestation on 
turnip became so heavy towards the end of July 
that the plants were severely injured. This in turn 
contributed to a reduction of the flea beetle popula- 
tion. The collections of Phyllotreta aerea on July 15 
and 17 were 412 and 429 respectively. On July 20 
and 22 they had dropped to 376 and 377. On July 
27, 29 and August 2 they were 241, 146 and 125. 
It is believed that this decline does not represent 
a normal reduction in flea beetle population but re- 
sulted from the severe injury inflicted on the plants. 

Ipentity oF Phyllotreta aerea. Since this species 
is not generally known by entomologists a few words 
concerning its habits and distinguishing character- 
istics may not be amiss. It is a European species that 
was first noticed in North America about 1926. At 
that time F. H. Chittenden reported injury to radish 
seedlings at Rochester, N. Y. In 1920 it was doubt- 
fully recorded from Michigan attacking cabbage, 
radish and Swedish turnip. It was observed at 
State College, Pa. as early as 1938. Records in the 
U. S. National Museum indicate that this flea 
beetle was found on cabbage at Albion, N. Y. in 
1939. Mr. E. J. Udine noticed this beetle at Carlisle 
in 1942 attacking cabbage and radish. He also col- 
lected the larvae mining the leaves of Lepidium 
campestre. It is well known that the larvae of Phyl- 
lotreta mine in leaves or feed on roots. Frequently 
the adults attack plants other than those on which 
they breed. No doubt this species is common in 
other parts of the East but has been generally over- 
looked. 

Phyllotreta aerea is a small, shiny black beetle 
about 2.2 mm. long. The upper surface of the body 
is smooth but marked by numerous delicate punc- 
tures which are more distinct towards the posterior 
end of the elytra. The basal three segments of the 
antennae, the base of the tibiae and the tarsi are 
brown. It is somewhat closely related to two western 
species which also attack Cruciferae; the western 
black flea beetle P. pusilla Horn and the so called 
cabbage flea beetle P. albionica Le Conte. P. pusilla 


Table 2.—Flea beetles collected from Cruciferae, State College, 1948. 
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is cupreous brown in color while P. albionica is 
shiny, metallic green. 

In the spring Phyllotreta aerea attacks young 
plants causing much injury and preventing them 
from getting a good start. During the summer they 
continue feeding and increase in numbers as the 
season progresses. Radish, turnip and young cab- 
bage show larger populations durng the summer 
than older cabbage plants Damage to mature 
cabbage is especially noticeable in the late fall when 
the beetles congregate for hibernation. They eat 
small holes through the upper epidermis but do not 
chew through the leaf. Although each beetle eats a 
minute area, the total injury from many beetles 
often covers a large part of the leaf. Extensive 
sweepings of tomato and egg plant revealed no P. 
aerea although other species were taken in large 
numbers. 

It is interesting to note that most text books em- 
phasize the striped flea beetle Phyllotreta striolata as 
the comon cabbage species in the East. The ac- 
companying data indicate that in Pennsylvania, and 
perhaps other parts of the Eastern United States, 
P. aerea is the principal species attacking radish, 
cabbage and turnip and that P. striolata is more 
closely associated with wild Cruciferae. Undoubt- 
edly there has been much confusion in economic 
literature concerning the identity of the species of 
Phyllotreta attacking Cruciferae. This is especially 
true of the striped species which superficially look 
much alike. P. zimmermanni, chiefly a southern 
species has been taken at Carlisle, Lancaster and 
Tobyanna, Pa. P. bipustulata Fab., another striped 
species, commonly found on yellow rocket in eastern 
United States, has been collected from Lancaster. 

Orner SpeciES OF PHYLLOTRETA ATTACKING 
CruciFrerak. In western United States and Canada, 
Phyllotreta pusilla and P. albionica seem to be the 
common cabbage species. They are coppery or green- 
ish beetles without yellowish lines. The adults of P. 
oregonensis Crotch, known only from Oregon, attack 
turnip, radish and wild Cruciferae. The larvae mine 
the leaves of Lepidium. P. utana Chittenden is an- 
other western species which has been taken on mus- 
tard and beet. P. undulata Kutsch is a northern 
species feeding chiefly on mustard. Three species 
have been recorded chiefly from the southern United 
States: P. zimmermanni, P. liebecki Schaef, and P. 
aenicollis Crotch. 
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Tota Per Cent oF Totat FLEA BeetLe CatcHEs 
NUMBER — aaa 
FLEA Phyllotreta Phyllotreta  Psylliodes Epitriz 
Host Dates BEETLES aerea striolata punctulata cucumeris 
Rocket! June 8-July 14 253 71 91.3 ay 2.7 
Radish May 25—June 17 275 63.6 4.0 29.4 2.9 
Turnip July 14—Aug. 2 2662 94.4 5.1 .4 0 





' Barbarea vulgaris. 
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Thrips Infesting Tomatoes and Their 
Occurrence on Other Hosts 


DarreE.i R. Mappock,! Utah State Agricultural 
College, Logan 


Thrips are important tomato-infesting insects in 
northern Utah. However, the principal concern over 
thrips occurring in tomatoes relates to the food pro- 
cessor. He is concerned when they appear in canned 
tomatoes and tomato products. It was believed that 
a more complete knowledge of the species of thrips 
infesting tomatoes, and of their other host plants 
might enable tomato growers to eliminate many 
such plants from tomato fields and to reduce such 
occurrence on adjacent lands. 

Fifty-two collections of thrips were made from 
tomato plants, Lycopersicon esculentum, in northern 
Utah during this study. Frankliniella moultoni 
Hood (= occidentalis Perg.) was present in 45 of the 
52 collections; Aeolothrips fasciatus (L.) in 18; 
Thrips tabaci Lind. in 18; Anaphothrips obscurus 
(Mull.) in 3 and Microcephalothrips abdominalis 
(Crawf.) in only one of the collections. 

A total of 378 collections were made from 109 
plants representing 39 plant families. 

Frankliniella moultoni was found on one or more 
plants in nearly every plant family from which col- 
lections were made. This thrips was collected from 
nearly every species of Leguminosae and from every 
species of Compositae and Solanaceae examined. 
It seemed to show some preferance for plants of 
these three families. 

Aeolothrips fasciatus is predaceous and was col- 
lected from a wide range of plants. It appears that 
the kind of plant is of less importance than the oc- 
currence of numerous other thrips on which this 
species preys, 

Thrips tabaci also has approximately as wide a 
host range as does F. moultoni. This species also was 
taken from hosts representing every plant family in 
which more than one species of plant was examined. 
It was collected from potato and eggplant which 
are close relatives of the tomato. 

Anaphothrips obscurus was collected from only 
four different species of plants in addition to toma- 
toes. Three of these species of plants belonged to the 
family Gramineae. This thrips seems to have a host 
specificity for members of the grass family. The 
collections from tomato and the one from a com- 
posite probably were accidental. 

Microcephalothrips abdominalis was collected four 
times on plants other than tomatoes. Three collec- 
tions were made from two different species of plants 
in the family Compositae. In one instance this spe- 
cies of thrips was present on Sambucus sp. of the 
family Caprifoliaceae. This latter collection and the 
ones from tomatoes were probably accidental. 

Frankliniella moultoni, Thrips tabaci, and Aeolo- 
thrips fasciatus, the species of thrips commonly oc- 
curring on tomatoes in Utah, each have a very wide 
host range with representatives in almost every 
family of plants common to northern Utah. The 
lack of host specificity of these three prolific species 
makes their effective control by weed eradication 


1 The writer expresses his appreciation to Dr. G. F. Knowlton, 
Professor C. J. Sorenson, and W. E. Peay for suggestions and 
cooperation during the course of the investigation; to Dr. S. F. 
Bailey and J. C. Crawford for identifications and suggestions on 


taxonomy. The Knowlton collection of Utah thrips, identified 
by the late Professor J. R. Watson, was of substantial help in 
this investigation. 
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and selection of neighboring crop plants particularly 
difficult. However, the abundance of these thrips in 
tomato fields probably can be reduced by more gen- 
eral attention to weed control. 





The Value of Phenyl Ethyl Acetate as 
an Ingredient in Japanese 
Beetle Baits 


GeorGE S. LANGForD and ENGEL GILBERT 
University of Maryland, College Park 


Traps are used rather extensively in Maryland 
in Japanese beetle control work. Prior to the war a 
mixture consisting of geraniol, 9 parts, and eugenol, 
I part, was the recommended attractant for use in 
traps. During the war geraniol became scarce and 
was not available at reasonable prices. Therefore it 
was necessary for workers to study other chemicals 
as possibilities for replacement or partial replace- 
ment for geraniol. 

Fleming & Chisolm (1944) suggested anethole as 
a substitute for geraniol. Muma et al. (1945) sug- 
gested the possibility of caproic acid diluted with 
mineral oil as a partial replacement. Langford & 
Cory (1946) showed that caproic acid and phenyl 
ethyl butyrate could be used either wholly or par- 
tially to replace geraniol in certain bait combina- 
tions. 

In an attempt to improve these known bait com- 
binations as well as to develop new ones the writers 
have experimented with a large number of chemicals. 
Data collected over a period of 3 years shows that 
phenyl ethyl acetate has value in improving the 
attractive qualities of baits made with geraniol and 
eugenol or anethole and eugenol. The relative value 
of phenyl ethyl acetate in several baits prepared 
with geraniol and eugenol, as well as anethole and 
engaged is given in Table 1. 


Table 1.—Results from phenyl ethyl acetate in 
Japanese beetle baits. 








Beetles 
Caught 


No. of 


0. of Relative 
Replications i 


Bait Efficiency 
When attractive value of Geraniol, 9 parts, and Eugenol, 
1 part, is 100 
Pheny] ethy! acetate, 8 parts 
Eugenol, 1 part 12 
Geraniol, 1 part 
Pheny] ethy! acetate, 8 parts 
Eugenol, 2 parts 4 
Phenyl ethy! acetate, 8 parts 
Geraniol, 2 parts 
Geraniol, 8 parts 
Eugenol, 1 part 
Pheny] ethy! acetate, 1 part 44 
Eugenol, 9 parts 
Pheny] ethy] acetate, 1 part 35 873, 147 99 
When attractive value of Anethole, 9 parts, and Eugenol, 
1 part, is 100 





129,411 108°; 


130,779 72 


126,123 84 


1,167,158 130 


Anethole, 8 parts 
Eugenol, 1 part 


Pheny! ethyl acetate, 1 part 35 516,422 133 





As a major constituent, pheny] ethyl acetate made 
a satisfactory ingredient when used in combination 
with geraniol and eugenol. A formula consisting of 
pheny! etyhl acetate, 8 parts, gernaiol, 1 part, and 
eugenol, 1 part, was equal to, or better than, the 
well known formula consisting of geraniol, 9 parts, 
and eugenol, 1 part. Used with either geraniol or 
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eugenol alone the attractive value was fair but some- 
what less than the geraniol-eugenol standard. 

As a minor ingredient, phenyl ethyl acetate im- 
proved attractiveness in both geraniol-eugenol and 
anethole-eugenol combinations. 

A formula consisting of geraniol, 8 parts, eugenol, 
1 part, and phenyl ethyl acetate, 1 part, proved 
superior to the standard formula of geraniol, 9 parts, 
and eugenol, 1 part. The relative value of the bait 
containing phenyl ethyl acetate was 130 as com- 
pared with 100 for the geraniol-eugenol bait. 

Standard anethole-eugenol baits were greatly im- 
proved by adding phenyl ethyl acetate. A formula 
consisting of anethole, 8 parts, eugenol, 1 part, and 
phenyl ethyl acetate, 1 part, had a value of 133 as 
compared with 100 for a formula consisting of 
anethole 9 parts and eugenol, 1 part. 

Metuops AND VaLuEs—Data on all, bait mix- 
tures reported in these studies were obtained under 
field conditions with traps and equipment other than 
bait mixtures, identical. The traps were arranged in 
batteries and spaced at intervals of approximately 8 
feet. Each test trap was accompanied by a check. 
The position of all traps was changed daily by rota- 
tion. The relative values are expressed on the basis 
that the value for the check traps is 100. 





European Fruit Lecanium on Peach 


Following Applications of DDT 


Dean Asquitn,! The Pennsylvania Fruit 
Research Laboratory 


On Aug. 2, 1948 an Arendtsville fruit grower 
brought to the laboratory some specimens of black- 
ened peaches. Inspection of the orchards from which 
the peaches were taken revealed that several blocks 
of trees were heavily infested with European fruit 
lecanium, Lecanium corni Bouché,2 which were 
secreting honeydew that was showering down onto 
foliage and fruits. Blackening of the peaches and 
foliage was caused by the appearance of sooty mold 
growing in these deposits of honeydew. 

Infestations of European fruit lecanium of vary- 
ing degrees of severity were found in other peach 
orchards in the vicinity of Arendtsville. In all cases 
adult scales were found on 1948 growth as well as 
on older wood, a fact which indicates either that 
there had been a hatch of eggs earlier in the season 
or that some of the overwintering scales had moved 
to new growth. The orchards infested with European 
fruit lecanium had all received one or more applica- 
tions of DDT for the control of other insects, and 
several of the orchards had been treated with ben- 
zene hexachloride to control the plum curculio. 

To support the tentative accusation of DDT and 
possibly benzene hexachloride as causes for the 
sudden outbreak of the European fruit lecanium in 
the Arendtsville area, there are two more pieces of 
circumstantial evidence. Large numbers of adult 
scales were found on numerous weeds, but in every 
case the weeds were growing inside orchard areas 
that had been sprayed with DDT alone or DDT 
and benzene hexachloride. Investigators previously 
located at the Pennsylvania Fruit Research Lab- 
oratory had observed the European fruit lecanium 


' Acknowledgement is made of the valued assistance of Nelson 
F, Kane, Edgar M. Raffensperger and Harvey W. Dickert. 
* Identified by Dr. Harold Morrison of the Division of Insect 
Lientification, Bureau of Entomology and Plant Quarantine, 
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in peach orchards before growers began to use DDT 
and benzene hexachloride, but the scales were al- 
ways so heavily parasitized that infestations of them 
were not of economic importance. 

Regardless of the reason for the 1948 infestation, 
it was apparent that several growers would suffer 
heavy losses unless a treatment to prevent further 
deposits of honeydew could be found. Therefore, 
on August 3 a quick test was arranged by dividing a 
block of infested-peach trees into four plots. Plot 1 
was treated with a 25 per cent DDT emulsion? at 
the concentration of 1 quart per 100 gallons of 
spray; plot 2 with 1 quart of 40 per cent nicotine 
sulphate* plus 4 ounces of wetting agent® to 100 
gal.; plot 3 with 1.3 pints of a mixture of 9 per cent 
tetraethyl pyrophosphates and 41 per cent other 
organic phosphates,® in 100 gallons; and plot 4 was 
not treated. 

Maximum and minimum temperatures on August 
3 were 78° F. and 63° F. respectively; on August 4 
74° F. and 65° F.; and on August 5, 82° and 62°. 
After application of the sprays on August 3, the 
nicotine sulphate—wetting agent treatment stopped 
honeydew secretion almost completely within two 
hours. DDT emulsion slowed honeydew secretion 
appreciably within 48 hours, but not so well as did 
the nicotine sulphate. The organic phosphate mix- 
ture was not effective enough to warrant further con- 
sideration for this special problem. 

Since the grower was in a hurry to prevent honey- 
dew secretion in his peach orchards, he decided to 
apply nicotine sulphate and wetting agent when 
the weather was suitable and DDT emulsion during 
periods of cooler temperatures. It soon became ap- 
parent, however, that nicotine sulphate wetting 
agent was enough more effective than DDT at pre- 
venting honeydew secretion to warrant waiting for 
favorable weather to make the applications. 

In the meantime, an attempt was made to corre- 
late results obtained in the test plots with kill data, 
but no appreciable differences in mortalities were 
obtained. Nicotine sulphate wetting agent continued 
to prevent honeydew secretion almost completely 
until August 14 at which time some scales in this 
plot began to secrete. After the initial slowdown of 
honeydew secretion in the DDT plot, there was no 
improvement. 

On August 16 all the plots were sprayed with 
nicotine sulphate combination at the concentration 
mentioned above. Again honeydew secretion ceased 
a short time after the application, and in the original 
nicotine sulphate plot no new deposits of honeydew 
were seen during the rest of the season. This observa- 
tion was verified in other parts of the orchard which 
received two applications of the nicotine sulphate 
spray. 

Throughout the season other data were collected 
on the European fruit lecanium; in fact, observa- 
tions are still being made from time to time. Eggs 
were counted in the following manner. The eggs 
from a known number of scales were brushed onto a 
piece of paper. Then the eggs were run through the 
brushes of a “mite machine” onto a circular glass 
plate moistened with alcohol. A circular piece of 
paper the same size as the glass plate but marked 
into eight equal segments was placed under the glass 
plate. Eggs within the area of one of the segments 
were then counted through a binocular microscope. 


3 Manufactured by Rohm and Haas Co. 

4 Black Leaf 40, Tobacco By-Products and Chemical Corp. 
5 Triton B-1956, Rohm and Haas Co. 

6 Vapotone, California Spray-Chemical Corp. 
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This count was multiplied by eight and the result 
divided by the known number of scales to find the 
average number of eggs. 

From August 14 to 16 the eggs from 25 scales were 
counted. The average was 950 eggs per scale. On 
August 20 newly hatched scales were first seen in 
the field. A few adult scales were collected from 
these trees and taken to the laboratory. Scales were 
selected beneath which the eggs were ready to 
hatch, but as far as could be determined none had 
hatched. The average count for 13 scales was 1417 
eggs per scale. These counts were made merely to 
get some idea of the reproductive powers of the 
European fruit lecanium in south central Pennsyl- 
vania. 

In orchards, hatching of eggs covered the period 
from August 20 to September 15. The young moved 
to the leaves, most of them settling on the undersides 
along the mid-ribs. Only an occasional young scale 
was found that had settled on a twig. Later young 
scales only were observed on leaves of cherry, both 
sweet and sour, and apple near infested peach or- 
chards. Indications are that these young scales were 
disseminated by air movement. 

During the season adult scales were observed on 
24 plants, vines and trees among which were 16 
weeds that had made all their aerial growth in 1948. 
This last point is another indication that either 
there had been a hatch of eggs early in the season or 
some of the overwintering scales had moved to new 
growth. Young scales were observed on all these 
plants and on an additional eight. Included among 
the eight plants on which only young scales were 
seen were apple, sour cherry and sweet cherry as 
just mentioned. 

Young scales were seen moving back to the wood 
for the first time on Oct. 4, but this movement did 
not become general until Oct. 20. Oct. 16 was the 
date of the first frost, and on Oct. 19 the minimum 
temperature was 27° F. A short time after settling 
on the wood the young scales turned brown in color; 
a condition which together with their small size 
makes them difficult to detect. 

On the basis of circumstantial evidence only, the 
current infestation of the European fruit lecanium 
in the Arendtsville area illustrates again the type of 
problem entomologists are apt to encounter during 
periods when new insecticides are being introduced 
into spray schedules.! 





New Insecticides for Tobacco Flea 
Beetle Control 


C. B. Dominick, Bright Tobacco Field Station, 
Chatham, Va. 


Several organic insecticides were tested during the 
spring of 1947 in tobacco plantbeds for the control of 
the tobacco flea beetle, Epitriz hirtipennis (Melsh.). 
DDT proved to be highly effective against this in- 
sect in 1946 (Dominick 1947); however several new 
materials, some not previously tested against the to- 
bacco flea beetle, were included in the 1947 experi- 
ments. 

Marteriats.—The materials used in the experi- 
ments were as follows: a wettable powder! containing 
50 per cent DDT; a 3 per cent DDT dust;? a wetta- 
ble powder® containg 5 per cent gamma isomer of 


1 S-W 50% DDT. 
2 S-W 3% DDT dust, 
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benzene hexachloride and $7 per cent of other 
isomers; a wettable powder‘ containing 25 per cent 
chlorinated camphene; a wettable powder® contain- 
ing 50 per cent chlordan; a wettable powder® con- 
taining 50 per cent bis (methoxypheny]) trichloro- 
ethane and the fungicide ferric dimethyldithiocar- 
bamate’ said to be 70 per cent active. 

Topacco PLaNt BEps.—The insecticides were 
tested at three locations and each treatment was 
replicated a total of five times. A complete ran- 
domized-block design was used, the tobacco plant 
beds being arranged in pairs at two locations and 
singly at the third. Each plot was 3 yards in length 
and 2 yards wide. 

The sprays were in combination with the fungi- 
cide and were applied with compressed-air sprayers 
at the rate of $ gallons per 100 square yards of plant 
bed area for the first and 4 and 5 gallons respectively 
for the two subsequent applications. The insecticides 
were added at intervals in the regular spray schedule 
for controlling downy mildew. The 3 per cent DDT 
dust was applied separately from the fungicide treat- 
ment with a rotary-type hand duster. The effect of 
drifting was largely prevented by the use of covers 
placed over the plot on each side of the one being 
dusted. The dust was applied at the rate of 8 ounces 
for the first and 1 pound for each of the two subse- 
quent applications per 100 square yards. Treatments 
were made when the plants were in the two- to four- 
leaf stage, when they had attained a height of 2 to3 
inches, and just after the plant bed covers were re- 
moved for hardening the plants. 


Table 1.—Comparative tests on the control of 
the tobacco flea beetle in tobacco plant beds with 
organic insecticides, 1947. 








Unin- 

PLANTS PER SQUARE- JURED 

Foot Sections PLants 
Per 
Uninjured Injured Cent 





TREATMENT 





DDT 1 lb., fungicide 3 lbs., water 


100 gals. 594 9 98 
DDT 8 ounces, fungicide 3 lbs., 

water 100 gals. 473 30 4 
Methorychlor 1 \b., fungicide 3 

Ibs., water 100 gals. 472 43 91 
Chlorinated camphene 1 l|b., 

fungicide 3 lbs., water 100 gals. 584 33 94 
Benzene hexachloride 2 ounces 

gamma isomer, fungicide $ lbs., 

water 100 gals. 440 29 4 
Chlordan 1 Ib., fungicide 3 Ibs., 

water 100 gals. 484 77 86 
DDT 3% dust 486 61 89 
Check 99 467 17 





The results were determined on May 21, when 
most of the plants had attained a height of 6 inches. 
An area 12 inches in width was left as a buffer space 
along all four edges of each plot. Two random sam- 
ples consisting of all the plants in an area of 1 square 
foot was taken from each plot. During examination, 
if a plant had one or more holes in a leaf resulting 
from flea beetle feeding, it was recorded as injured. 

The results of this experiment are summarized in 
table 1. These data indicate that all materials were 
effective in controlling the tobacco flea beetle in 
plant beds. No new insecticide under investigation 


3 Gammaloid. 

4 Toxaphene. 

5 Velsicol 1068. 
6 Methorychlor. 
7 Fermate. 
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proved to be superior to DDT at the rate of 8 ounces 
to 1 pound of the active ingredient in 100 gallons of 
water when combined with the fungicide. Benzene 
hexachloride at the relatively low concentration of 
2 ounces of the gamma isomer to 100 gallons of wa- 
ter injured approximately 25 per cent of the plants. 
Chlorinated camphene, methorychlor, 3 per cent 
DDT dust, and chlordan gave good protection with- 
out injury to the plants. 
Pre-TREATMENT.—Investigations during 1946 re- 
vealed that DDT when applied in the plant bed prior 
to transplanting was about as effective as when the 
insecticide was applied directly in the field. The pur- 
pose of the following experiment was to compare 
DDT with several other insecticides, all materials 
being applied in the plantbed a few hours before the 
plants were pulled for transplanting. The plants had 
received the same treatment during the course of the 
plant bed season. Approximately 1.5 inches of rain 
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vestigation were not superior to DDT when used at 
the same rate and under similar conditions. No chem- 
ical injury resulted from the use of the treatments 
except for benzene hexachloride. Plants treated with 
this material, 2 ounces of the gamma isomer, showed 
slight injury; however they later grew out of this 
condition. Treated plants were all farther advanced 
than the checks at the end of the 14-day observation 
period. Leaf puncture counts on the most obviously 
injured leaf indicated that DDT offered superior pro- 
tection. Plants treated with DDT, 1 pound in 100 
gallons of water, showed an average of 27 punctures 
on the most obviously injured leaf, while chlordan 
at the same rate had an average of 66. The checks, 
on the other hand, showed an average of 122 punc- 
tures. 

Puytotoxicity.—Small scale phytotoxicity tests 
were carried on with DDT at three rates and with 
benzene hexachloride, used at the rate of 2 ounces of 


Table 2.—Pre-treatment tests with organic insecticides against the tobacco flea beetle, on 


newly set tobacco, 1947. 








AVERAGE 


Fie BEETLE PoPULATION Lear Punc- 


TURES, Most 





Days After Application Osviousty IN- Perr Cent 


JURED Lear, REDUCTION 








TREATMENT 3 6 12 13 Days 3 Days 

DDT 1 Ib., fungicide 3 lbs., water 100 gals. 7 55 32 27 98 
Methorychlor 1 \bs., fungicide 3 lbs., water 

100 gals. 10 160 118 49 97 
Chlorinated camphene 1 Ib., fungicide 8 lbs., 

water 100 gals. 22 165 84 39 94 
Benzene hexachloride 1 lb., fungicide 3 lbs., 

water 100 gals. 37 122 105 33 90 
Chlordan 1 Ib., fungicide 3 lbs., water 100 

gal. 185 265 193 66 65 
DDT 3% dust 29 145 111 33 92 
Check 350 544 335 122 — 





occurred between the date of the last plant bed treat- 
ment and May 22, the date the plants were pulled 
for transplanting. The sprays were applied at the 
rate of 5 gallons and the dust at the rate of 1.5 
pounds per 100 square yards of plant bed area. 

Tobacco plants treated in this manner were set in 
seventieth-acre plots and each treatment was repli- 
cated five times in randomized blocks. The check 
plots were set from an area in which the tobacco flea 
beetle had been kept under control by the use of 
rotenone dust; however no pre-treatment was ap- 
plied. The results were determined by making a 
count of live flea beetles on 12 random plants se- 
lected from the two center rows of each plot, 3, 6, 
and 12 days following transplanting. A count of all 
feeding punctures on the most obviously injured leaf 
was made on 12 random plants selected from the two 
mae rows of each plot, 13 days after the setting 
date, 

The results are presented in table 2. These data 
indicate that a pre-treatment of tobacco plants in 
the plant bed prior to transplanting is a highly satis- 
factory method of controlling the tobacco flea beetle 
on newly set plants. Such a method saves time and 
labor involved in making field treatments. The data 
further indicate that the new insecticides under in- 


the gamma isomer, all being in combination with the 
fungicide in tobacco plant beds. The plots were 1 
square yard in area and each treatment was repli- 
cated three times. A check sprayed only with the 
fungicide was left in each series for comparison. 
Seven applications were made during the period 
from April 25 to May 27. 

The plants were examined at intervals and notes 
made on the amount of chemical injury occurring. 
There was apparently no chemical injury from the 
use of DDT 1 pound and fungicide 3 pounds in 100 
gallons of water after seven applications. DDT 2 
pounds with fungicide caused slight injury after the 
third application as noted on May 6, while DDT at 
the rate of 4 pounds with the fungicide caused more 
extensive injury. No injury attributed to DDT was 
noted on any treated plants on May 27 and all repli- 
cations compared equally in growth and appearance 
with the checks. At least 40 per cent of the plants 
treated with benzene hexachloride were affected by 
the treatment and showed moderate injury on May 
27. 
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New Developments in the Transport 
of Beneficial Insects 


J. Linstey Gressitt' and S. E. FLaAnpERs? 


The biological control of insect pests through the 
imtroduction of their natural enemies has been 
greatly facilitated by the development of commercial 
air transport because of the reduction of time in 
transit (Compere, et al, 1941). 

Efficient utilization of air transport has necessi- 
tated radical changes in methods of handling ship- 
ments of living insects. Bulk shipments are now 
avoided if possible. Personally conducted shipments 
are not often necessary. Small shipments frequently 
made is now the rule. This procedure minimizes the 
loss when a shipment miscarries or is destroyed. In 
addition, repeated introductions increase the 
chances of successful propagation and establishment 
of an introduced species. 

Since the time in transit from almost any part of 
the world is now less than the life cycle of any insect 
likely to be involved, there is no need for transport- 
ing the host plant in order to maintain cultures of the 
insect Likewise the time in transit is less than the 
life span of many adult insects so that cold storage 
facilities are no longer necessary for the transport 
of adult insects. 

Maintenance of environmental conditions during 
transit suitable for the continued development of 
immature insects and for the survival of adults is 
still essential. The packaging of the imported mate- 
rial so that nothing can escape en route remains of 
utmost importance. 

Although the cost per unit of weight and volume 
of shipping by air is much greater than that by 
other means of transportation, the cost per bene- 
ficial insect received alive is much less. 

During the past year the senior author and his as- 
sistants have sent to Riverside, California, from 
China over a hundred shipments of the parasites and 
predators of various pests of citrus. The minimum 
time in transit was 5 days from Canton and 7 days 
from Chungking. 

All the entomophagous insects sent by air were 
contained in manila envelopes, 12” 8". To protect 
this material from desiccation and from injury by 
rough handling it was enclosed in small but durable 
boxes made of the root of the water pine, Glypto- 
strobus pensilis. Hoffmann (1930) discusses the use 
of the water pine root as a substitute for balsa wood 
in entomological work. It is.used locally in Canton 
for bottle stoppers and life-saver floats. The root 
wood varies in weight from about 7 to 11 pounds per 
cubic foot including knots and bark, the specific 
gravity being 0.115 to 0.180. In appearance and 
quality the wood varies considerably from pale gray 
and easy to work to brownish gray and brittle. 

Small containers in the form of flat rectangular 
boxes made of this wood are exceptionally suitable 
for shipping small amounts of material by air mail. 
The wood is light in weight and spongy, but quite 
tough. To date, no box has broken in transit in spite 
of being thin-walled and practically unprotected. 
The wood is highly moisture absorbent so that it is 


1 Assistant Entomologist in the Experiment Station. 

2 Entomologist in the E xperiment Station. 

3 Siedociiekne pensilis, which is a member of the Redwood 
family, grows only on the sandy shores of southeast China. The 
trees are common in the vicinity of Canton, but the wood is not 
very readily obtainable since the trees are semi-sacred and are 
planted for geomantic purposes. 
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necessary to coat the inner surfaces of the containers 
with shellac to retard desiccation of the enclosed 
material. The texture of the wood is such that it may 
serve to some extent as insulation against high tem- 
peratures. 

The boxes are made simply by cutting a cavity in 
an oblong slab of wood and by cutting a thin section 
of it to form a cover for the opening. This cover is 
perforated with a small opening so that live insects 
may be readily placed in the box without their es- 
caping in the process. The opening is then closed 
with a cork. The cover and the cork are secured in 
place by scotch tape. As security against the escape 
of insects from the boxes, each box is tied up within 
a bag made of durable, tightly woven cloth. 

When ready for mailing, the envelope carries the 
government shipment permit of the country of 
destination. The time of transit may be shortened 
if the envelope also carries a special delivery stamp 
of the country of destination and appropriate tele- 
phone numbers so that notification of its arrival can 
be made immediately by the post office personnel. 

Food is usually provided for the insects during 
transit. For adult parasites fine streaks of undiluted 
honey may be put on the inside of the cover of the 
box. For adult ladybird beetles one or more whole 
washed raisins are securely fastened by pins in the 
corners of the box, the raisins being split to facilitate 
feeding. For larval ladybird beetle some of the 
natural food should be included, in addition to a 
raisin. With parasitized scale insects, sufficient host 
plant material may be included in the boxes to keep 
the insect hosts alive for at least part of the time re- 
quired to reach the destination. 

With species having host plants that may not 
be legally shipped to the desired destination, the 
insects must be removed as carefully as_possi- 
ble, either being placed directly in the box or at 
first in a petri dish or on a sheet of smooth paper. 
Most scale insects may be removed from the host by 
pressing against the edge of the scale with the blade 
of a scalpel held at right angles to the surface of the 
plant, or by prying slightly upward, instead of 
shaving horizontally. When the scales are thus re- 
moved, a box having a cavity 0.25 X 1X2 inches will 
hold a large number of diaspine scale insects. When 
host plant material is included, the boxes may be 
increased in over-all size up to 1.55 X8 inches or 
more, as required. The cavity of the box may be 
partitioned to prevent too much shifting of the ma- 
terial in transit. 

During the past year, the shipments of beneficial 
insects in water pine root boxes enclosed in cloth 
bags within a manila envelope have been highly 
successful as measured by the number of species 
introduced and propagated. Three of these are the 
parasitic Hymenoptera A sipdiotiphagus sp., A phytis 
sp. and Casca sp. which, in China, apparently are of 
value in controlling the red scale, Aonidiella aur- 
autii. 
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A Laboratory Method for Evaluating 
DDT Residues 


R. H. Neuson, U.S.D.A., Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine 


The prolonged residual toxicity of DDT and other 
synthetic organic insecticides to insects has pre- 
sented the problem of how to evaluate properly the 
effectiveness of these residues. A number of methods 
have been developed for this purpose and are now in 
use. The laboratory method described here was used 
in evaluating the effect of sunlight on DDT residues 
from various formulations that had been sprayed on 
glass plates (Chisholm et al., 1949). 

Adult house flies, Musca domestica L.., were used as 
test insects. The flies were reared by the current 
method used with the Campbell turntable tests 
(Campbell & Sullivan 1938). This method, as now 
used, deviates from the published procedure in that 
Peet-Grady larval medium (Anon. 1948) is used and 
the migratory prepupal-stage larvae are driven out 
of the medium by wetting down with water. With 
this method approximately 100 flies emerge in a 
screened petri dish 20 mm. deep and 140 mm. in di- 
ameter. The flies were fed as described by Campbell 
& Sullivan until they were 2 to 3 days old, when they 
were used for testing. 

In preparation for the tests the petri dishes were 
held in an electric refrigerator for about 10 minutes 
at a temperature of about 35° F. to immobilize the 
insects. All the immobilized flies from one large dish 
were then transferred to a petri dish 17 mm. deep 
and 90 mm. in diameter. The small dish was then 
inverted on a clean 5- by 7-inch glass plate, with cel- 
lophane strips 0.8 mm. thick under the edge of the 
dish. An ordinary desk lamp was then used to warm 
the flies. When all the flies had recovered from the 
chilling, the cellophane strips were used to pull the 
dish onto another glass plate the surface of which 
was covered with the residue to be evaluated. The 
cellophane strips prevented contact of the dish with 
the residue to be tested. Therefore, the crystalline 
structure was not disturbed. 

The plate with the petri dish in place, was then set 
in a cubical screened cage similar to those described 
by Campbell & Sullivan (1934). A stop watch was 
used in timing exposures. At the end of the predeter- 
mined exposure period, the flies were liberated in the 
screened cage by lifting the petri dish and flushing 
all flies from the plate. The petri dish and glass plate 
were removed from the cage, food was provided, and 
the flies were held for 24 hours, when mortality 
counts were made. The food, a 2 to 1 mixture of skim 
milk and water, was soaked into a ball of cotton 
about 2 inches in diameter, which was then put into 
a clean petri dish. 

Although 5- by 7-inch glass plates were used in 
these tests, larger glass plates or wooden or metal 
panels could be used. The plates or panels should be 
made up in sufficient replications so that an area 
once exposed to the flies is not reused. 

The initial deposit of DDT on the glass plates was 
about 3 mg. per square foot. The residue on many of 
the plates had deteriorated due to various causes, 
and in nearly all the tests exposures of 2, 4, and 8 
minutes gave less than 100 per cent mortality of 
flies. The exposure time to be used in a given study 
would, of course, vary with the kind and concentra- 
tion of the deposit being studied and would have to 
be determned by preliminary testing. 

With this method of evaluation the relative toxici- 
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ties of the residues of various formulations as well as 
exposure time-mortality curves can be obtained. 
Checks can be included by subjecting the flies to iden- 
tical procedure except for the use of clean, untreated 
plates or panels. 
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Laboratory Tests of Some Aliphatic 
N-Substituted p-Nitrobenzamides 
Against the Codling Moth 


E. H. Srecuer and S. I. GertLer, 
U.S.D.A., Agr. Res. Adm., Bureau 
of Entomology and Plant Quarantine 


A previous paper by Siegler & Gertler (1948) re- 
ported the results of tests on a number of aliphatic 
N-substituted m-nitrobenzamides against newly 
hatched larvae of the codling moth, Carpocapsa 
pomonella (L.). The present paper presents the data 
obtained with some aliphatic N-substituted p- 
nitrobenzamides against this insect. Data for DDT 
and lead arsenate are included for comparison. 

N-substituted p-nitrobenzamides were prepared 
by reacting p-nitrobenzoy! chloride with various 
primary amines under suitable conditions, according 
to the following equation: 


0 
| 
ONC >—C—CH-RNF, 


OH 


I] 


ee 
ONC >-C-N-R+HCI 


This represents the general equation. Where 
secondary amines were used, the resulting compound 
is represented by— 
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The apple-plug method was used in all toxicity 
tests. A single ready-to-hatch codling moth egg was 
enclosed with each plug. From 90 to 107 plugs were 
used for tests of the benzamides, and 100 for tests of 
DDT and lead arsenate, and for each untreated 
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Table 1.—Toxicity to codling moth larvae of some aliphatic N-substituted p-nitrobenzamides 
as compared with DDT and lead arsenate. 
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PERCENTAGE OF 
AppLe PLuGs 








CompouNnpD ForMULA Wormy Stung 

N, N-Diisopropy]-p-nitrobenzamide CsH,NO,CON[CH (CH; )2]2 61 11 
N,N-Dipropy!-p-nitrobenzamide CsH,NO,CON (C;H7)2 62 8 
N-Isopropyl-p-nitrobenzamide CsH,NO.CONHCH(CH;). 79 15 
N-Propy]-p-nitrobenzamide CsH,NO.CONHC;H; 80 6 
N-Butyl-p-nitrobenzamide CsHy,NO2,CONHC,H, 82 3 
N,N-Dimethyl-p-nitrobenzamide CsH,NO2CON(CH;). 88 0 
N-Methyl-p-nitrobenzamide CsH,NO2.;CONHCH; 88 1 
N,N-Diethyl-p-nitrobenzamide CsH,NOsCON(C2H;)2 90 2 
N-Ethyl-p-nitrobenzamide CsH,NO:;CONHC,H; 90 3 
DDT (technical) 6 9 
Lead arsenate 71 1 

96 0 


Untreated Check (Avg. of 2 tests) 





check. The carrier for all tests consisted of water 80 
per cent and ethanol (95 per cent) 20 per cent. All 
benzamides and lead arsenate were u at the 
rate of 4 pounds, and DDT was used at the rate of 
? pound to 100 gallons of the carrier. 

As shown in table 1, none of the benzamides indi- 
cated promise when compared with DDT. However, 
two of the benzamides, N,N-diisopropyl-p-nitro- 
benzamide and N,N-dipropyl-p-nitrobenzamide, 
were slightly more effective than lead arsenate un- 
der the conditions of the tests. 


LITERATURE CITED 
Siegler, E. H., and S. I. Gertler. 1948. Laboratory 
Tests of Some N-Substituted M-Nitroben- 
zamides against the Codling Moth. Jour. 
Econ. Ent. 41(4): 658-9. 





Chlorinated Camphene, Chlordan, 
DDT and Calcium Arsenate Com- 
pared for Control of the Colorado 
Potato Beetle 


A. V. MITCHENER, 
The University of Manitoba, Winnipeg 


The Colorado potato beetle Leptinotarsa decem- 
lineata (Say) takes an annual toll of the potato crop 
in Manitoba. In 1948 an attempt was made to deter- 
mine the comparative effectiveness of 50 per cent 
chlorinated camphene,! 40 per cent emulsifiable 
technical chlordan,? 50 per cent wettable powder 
chlordan,? micronized 50 per cent DDT concentrate*® 
and calcium arsenate’ as insecticides for the control 
of the Colorado potato beetle. 

Metnop.—Six plots, including a check, formed 
the experimental unit which was replicated at 
random 4 times, making an experimental area of 24 
plots on the University Farm, Winnipeg. Each 
plot, which contained 5 rows of potatoes, 12.5 feet 
long, spaced 3 feet apart with hills every 15 inches 
in each row was planted with Red Warba potatoes. 
Wet weather delayed the planting and the potato 
plants did not appear above ground until around 
the end of June. 


! Canadian Industries Ltd. (Lozite) 
2 Dow Chemical Co. 
4 Green Cross Insecticides. 





The chlorinated camphene, the emulsifiable tech- 
nical chlordan, the wettable powder chlordan and 
the micronized DDT were each used at the rate of 
one-half pound of pure chemical to 40 imperial gal- 
lons of water. The calcium arsenate was used at the 
rate of one and one-half pounds to 40 imperial gal- 
lons of water. Each insecticide was applied as a spray 
at the rate of one gallon to the 4 randomized plots 
allocated for each treatment. This is at the rate of 
approximately 58 imperial gallons of spray per acre. 
(Equal to about 69.5 U. S. gallons.) 

The first application of the sprays was made on 
July 13. Adult Colorado potato beetles and small 
larvae, less than a week old, were present on the 
potato foliage at that time, The infestation was 
heavy and well distributed throughout the experi- 
mental area. A second and final application of the 
respective sprays was made on the afternoon of 
August 6. The sprays were applied with a 2.5 gallon 
compressed air sprayer fitted with a pressure gage. 
The initial pressure was at 30 pounds, but this pres- 
sure was reduced to approximately 15 pounds as the 
single gallon of spray required for the test was used. 

Due to the presence of virus diseases all of the 
plots were rogued to remove all affected plants. 
Observations were made from time to time on the 
apparent effectiveness of the different insecticides 
and on the appearance of the potato foliage which 
had been sprayed with the various insecticides. 

Discussion.—One day after the first sprays 
were applied. it was estimated that the various plots 
carried on an average the following numbers of lar- 
vae: checks 750; calcium arsenate 110; 50 per cent 
wettable powder chlordan 15; 40 per cent emulsifi- 
able technical chlordan 9; micronized DDT 9 and 
chlorinated camphene 2 larvae. Relatively few 
adults were present on any of the sprayed plots. On 
August 6, some of the plots were so badly reinfested 
with larvae that it was necessary to make a second 
application of the respective sprays. On August 7 all 
sprayed plots except those sprayed with the calcium 
arsenate were practically free of larvae. The larvae 
which developed on the check plots had become 
adults around the beginning of the second week of 
August. These adults had dispersed to all of the 
plots before the Middle of August. None of these 
adults were observed in copula at any time. Further- 
more, none of the adult females which were dissected 
contained any eggs. Our observations seemed to 
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indicate that the potato foliage sprayed with the 
chlorinated camphene 50 per cent was slightly the 
greenest foliage. 

Potato Y1ELDs.—The potatoes from the middle 
three rows of each plot were harvested on September 
14. As some diseased plants had been removed from 
these rows in each plot, the calculated yield per acre 
was based on the actual number of plants present in 
these three rows as compared with the possible 
number of plants per acre when spaced as indicated 
previously. The production from the four replicates 
in each case is the basis for the calculations shown 
in Table 1. All potatoes smaller than approximately 
1.75 inches in diameter were culled out before 
weights were taken. 


Table 1.—Potato yields per acre when 
sprayed with the insecticides listed below. 








BusHELs STANDARD 


INSECTICIDE PER ACRE ERROR 





Chlorinated Camphene 50 per cent 320.8 33.9 
Chlordan 50 per cent wettable 


powder 317.2 33.4 
DDT concentrate 50 per cent, 
micronized 314.7 10.4 


Chlordan 40 per cent, emulsifiable 


technical 278.8 13.7 
Calcium arsenate 224.9 13.6 
Checks 83.7 13.9 





An analysis of variance indicated that the mean 
yields differed significantly. The F value is 17 and 
the 1 per cent point is 4.25. 

Cooxine Trsts.—Cooking tests were made by 
two families independently, of potatoes from each 
of the sprayed plots. In no case was any foreign or 
objectionable flavor detected in potatoes which were 
eaten as boiled potatoes. 

SumMary.—1l. None of the insecticides which 
were used appeared to injure the potato foliage. 

2. Potato foliage sprayed with chlorinated cam- 
phene appeared to be slightly greener than the foli- 
age on any other plot. 

3. The highest tuber yields were obtained from 
the plots treated with 50 per cent chlorinated cam- 
phene, Chlordan 50 per cent wettable powder and 
micronized 50 per cent DDT concentrate, decreas- 
ing in the order named but there were no signiflcant 
differences among these yields. Apparently any one 
of these insecticides as indicated by one year’s work 
may be used on potato foliage with practically equal 
effectiveness for the control of the Colorado potato 
beetle. 

4. Emulsifiable technical chlordan 40 per cent 
was not as effective as the former three insecticides. 

5. Calcium arsenate which has been used widely 
for many years, gave much poorer control than any 
of the former four chemicals. 

6. None of these insecticides impaired the flavor 
of potatoes grown on these plots when they were 
tested as boiled potatoes." 


1 Acknowledgments. The writer is indebted to the Division 
of Plant Science, The University of Manitoba, for facilities for 
carrying out this investigation and to Mr. Orville Olsen of that 
Division in particular for his interest and assistance in planting 
and in servicing the experimental area throughout the summer. 
Thanks are also due to Dr. A. J. Thorsteinson, Department of 
Entomology for the statistical analysis which was made of the 
more detailed data and to Mr. G. L. Warren, student assistant 
in Entomology. 
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Parathion in Early Spring Applica- 
tions for Bud Moth Control’ 
J. G. ConkKutn? and G. L. WALKER’ 


For the past several years the eye-spotted bud- 
moth, Spilonota ocellana Schiff., has been on the 
increase in New Hampshire apple orchards. During 
the 1947 season damage was extensive in several 
commercial orchards, and in certain blocks as much 
as 75 per cent of the fruit showed injury at time of 
harvest. 

In the spring of 1948, arrangements were made to 
conduct field tests with parathion in comparison 
with other commonly used insecticides as a possi- 
ble means of control of the budmoth. 

Prior to starting field tests, apple branches bear- 
ing overwintering budmoth larvae were brought in 
to the laboratory and forced under greenhouse con- 
ditions until the buds had partly opened and larval 
activity was first observed. Groups of branches were 
then sprayed with parathion (15 per cent wettable 
powder) at dosages of 2 and 4 pounds per 100 gallons 
of water, using a standard paint gun nozzle operated 
at 22 pounds pressure. 

In two such preliminary experiments complete 
kill of budmoth larvae, including those still in their 
hibernacula, was obtained. In a third experiment 
the fruit buds were allowed to develop to the pink 
stage before sprays were applied, thus allowing am- 
ple time for all the larvae to have emerged from 
their hibernacula and to have begun feeding. In this 
instance, also, perfect control of the larvae was 
achieved. 

Field experiments, based on the results of pre- 
liminary tests, were conducted at Wilton, New 
Hampshire. Large, heavily infested Baldwin trees 
were selected, and approximately 10 gallons of 
spray were applied per tree, using conventional 
spray equipment. Two single gun nozzles were 
operated, one from a tower mounted on top of the 
spray tank and the other from a low platform at- 
tached to the rear of the tank. 

Experiment 1. In this experiment sprays were 
applied on April 7, when the trees were in the de- 
layed-dormant stage of development. Counts are 
based on the examination of 50 buds selected at 
random from each of 10 trees scattered in the 
experimental block. The results are shown in table 


Table 1.—Styles Block. 








Amount Buns Per 
ER EXxam- Bups CENT 
Marteriats Usep 100 Gats. ep Inuvrep INsureD 








Parathion 2 Ibs. 500 82 6.4 
(15% wettable) 
Dinitro cresol 2 Ibs. 500 197 39.4 





Experiment 2. In this experiment sprays were 
applied on April 12, in a block of trees somewhat 
further advanced in bud development, but with 
larvae still in their hibernacula. The results of this 
experiment are shown in table 2. 


1 Scientific Contribution No. 122 of the New Hampshire 
Agricultural Experiment Station. 

2 New Hampshire Agricultural Experiment Station. 

3 Through the cooperation of General Chemical Division, 
Allied Chemical and Dye Corporation. 
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Table 2. Hartshorn Block." 














AMOUNT Bups Per 
Mareriats Usep PER Exam- Bups Cent 
Per 100 Gattons 100 GALS.  INED Insurep INJURED 
Parathion 
(15% wettable) 2 Ibs. 1000 45 4.5 
Nicotine sulphate 1 qt. 
Oil 2 gals. 1000 275 27.5 





Experiment 3. In this experiment sprays were 
applied on May 4, when the trees were in the pre- 
pink stage and most of the larvae had left their 
hibernacula and were feeding on the buds. At this 
time many of the larvae were completely hidden 
within the buds where they would be expected to be 
more difficult to reach with the insecticide. Counts 
were made 6 days following treatment, and only 
those buds showing budmoth injury were examined. 
The results are shown in table 3. 


Table 3. Results from pre-pink sprays. 














Amount Bups Per 
Mareriats Usep PER Exam- Deap CENT 
Per 100 Gattons 100 GaLs. INED LARVAE Deap 
Parathion 
(25% wettable) 1.2 Ibs. 
Wettable sulfur 7.5 Ibs. 250 242 96.8 
Nicotine sulphate 1.5 pints 
Lead arsenate 3.0 lbs. 
Wettable sulfur 7.5 Ibs. 250 87 34.8 





On June 8 the orchard was again examined for 
evidence of budmoth injury, The trees which had 
received the parathion treatment were free of new 
budmoth injury, whereas trees which had received 
the nicotine-lead arsenate treatment showed severe 
foliage injury and numerous active budmoth larvae. 

Discussion. Laboratory and field tests indicate 
strongly that parathion in early spray applications 
will control the eye-spotted budmoth under New 
Hampshire conditions. Complete clean-up of heavily 
infested trees was obtained with a single applica- 
tion of parathion (25 per cent wettable powder) used 
at the rate of 1.2 pounds per 100 gallons of water. 
The pre-pink stage of bud development would ap- 
pear to be nearly ideal from the standpoint of 
spray-timing. 





Rye Jointworm Doing Damage 
in Nebraska 


C. A. Soorer and Martin H. Muma 


In the summer of 1946 moderate to heavy rye 
lodging was noted on a farm near Atkinson in Holt 
county, Nebraska. Farmers reported serious local 
losses and were becoming much concerned On 
August 13 of that year a general survey of the in- 
fested Holt county area was made and 6 samples of 
50 culms each were collected. Four of these samples 
were infested with from 6 to 36 per cent of the culms 
having galls of the rye jointworm, Harmolita secalis 
(Fitch), an average of 0.5 gall per culm. There was 
an average culm infestation of 15 per cent for all 
samples (23 per cent infestation average for the in- 
fested samples). From this survey and county agent 
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reports the infestation appeared to be localized in 
the vicinity of Emmet, Atkinson and Stuart in 
northwest Holt county. 

On June 25 and 26, 1947, another survey of the 
infested area was made, At that time 13 samples 
were collected in Holt county, two in Rock county, 
two in Pierce county, one in Antelope county east 
of Royal and one in Brown county just west of 
Long Pine. Infestations were found in the vicinity of 
Atkinson, Emmet and O’ Neill in Holt county and 5 
miles west of Bassett in Rock county. From the 
data obtained yet is evident that jointworm is a 
serious problem in the area immediately north and 
west of Atkinson. An average of 23.5 per cent in- 
festation was found in all samples from that area. 
The lightest infestation was 14 per cent while the 
heaviest showed 56 per cent of the culms with live 
jointworms in galls. There was an average of 3.32 
jointworm galls per infestee culm in the Atkinson 
area; and an over-all infestation average of .78 of a 
gall per sulm in all of the samples collected. 

It is expected that farmers in the infested area 
will continue to experience general losses unless the 
practice of continuous rye cropping on the same or 
adjoining land is changed. Soil and moisture conser- 
vation practices do not permit control by burning 
or plowing the straw under because it is needed on 
the surface to keep the sandy soil from blowing very 
badly. 

Specimens collected from the Atkinson area on 
November 8, 1947 were reared at Lincoln where 
they emerged April 26, 1948. These were identified 
by Mr. A. B. Gahan of the Bureau of Entomology 
and Plant Quarantine as the rye jointworm, //ar- 
molita secalis (Fitch). 

This infestation was deemed noteworthy in view 
of the fact that a general review of the literature 
revealed few records of damage by this joint worm 





The Toxicity of DDT Deposits as 
Influenced by Sunlight 


R. D. Cutsnoim, R. H. Newson, and Eimer FE. 
Fieck, U.S.D A., Agr. Res. Adm., Bureau 
of Entomology and Plant Quarantine 


Several studies have been made of the stability of 
DDT under different conditions. A review of some of 
these studies has been presented by Cristol and Hal- 
ler (1945). Chisholm & Koblitsky (1947) reported on 
the effect of light on DDT residues as measured by 
chemical analysis. Langford & Squires (1947) found 
that the residues on leaves from water suspensions 
were much more potent and lasting than those from 
emulsions. This paper presents the results of a pre- 
liminary study made to evaluate the effect of sun- 
light on the toxicity of residues from various water 
suspensions and emulsions of DDT that had been 
sprayed on glass plates. 

The sprays used are given in table 1. The standard 
water suspension was selected to represent a DDT 
formulation commonly used. The two types of hy- 
drated lime, sulfur, Bancroft clay, and bordeaux 
mixture are often included in agricultural sprays. 
Limonite was considered to be representative of iron 
impurities sometimes found in sprays or on sprayed 
surfaces. The solvents used in the emulsions repre- 
sented the various types used in DDT sprays. The 


1 The authors are indebted to J. E. Fahey for valuable sugges- 
tions and for furnishing several of the materials used in this in- 
vestigation and to L. Koblitsky for chemical analyses. 
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aluminum powder, titanium dioxide, carbon black, 
and diethylaniline were added to spray 10 to test the 
possibility of influencing the residual action of emul- 
sion sprays by adding agents to reflect and absorb 
sunlight. The first two materials reflect sunlight and 
the other two absorb it. 


Table 1.—Mean per cent mortality of flies ex- 
posed to deposits of DDT suspensions and emul- 
sions that had been subjected to no sunlight and 
to 32 and 64 hours of sunlight. 











No 
SPRAY FORMULATION Sun- 32 64 
No. (QUANTITIES PER 100 GaL.) Licut Hours Hours 
Suspensions 
1 Standard (DDT-pyrophyllite 
(50:50) 2 Ib. pate = =o 40z.) 48.8 41.8 33.8 
Standard plus 1 Ib. of— 
2 High-calcium hydrate limed 49.0 5 8 
3 High-magnesium hydrated lime 56.2 5 0 
4 Sulfur (micronized) 42.5 24.2 18.2 
5 A dust conditioner (200-mesh)4 38.2 23.8 9.8 
6 Clay® 50.2 23.5 1.8 
7 Standard plus bordeaux mixture 
4-4-50 20.5 7.0 a 
Emulsions 
DDT 1 lb. plus emulsitier! 4 oz. 
plus solvent to make 1 gal.: 
8 Methylnaphthalene? 12.2 0 2 
9 White mineral oil’ (80:20 by 
vol.) 26.2 4.2 6.5 
10 Kerosene-xylene (80:20 by 
vol.) 8.5 82 1.2 
ll Xylene 1.0 0 0 
Spray No. 10 plus 1 Ib. of— 
12 Aluminum powder 5 2.6 0 
13 Carbon black 55.0 2.0 6 
l4 Diethylaniline 2.0 2 2 
15 Titanium dioxide 21.2 2.0 0 





1A mixture of polyoxyalkylene derivatives of sorbitan tetra- 
laurate and -oleate. 

2 VelicolAR-bo chiefly mono- and di-methy! naphthalenes. 

3 Marcol-zylene white mineral oil U.S.P. Saybolt viscosity at 
100° F. 80-90 sec. 

4 Limonite. 

5 Bancroft clay. 


For each test six 5- by 7-inch glass plates were 
placed horizontally at equal intervals close to the 
perimeter of a circular turntable that rotated about 
4r.p.m. A fine-mist spray was directed over the plates 
so that each plate passed through the spray twice. A 
uniform deposit of approximately 3 mg. of DDT per 
square foot was obtained without run off. After all 
the plates were dried, diametrically opposite plates 
were paired. One pair was stored in the dark. The re- 
maining pairs were exposed out of doors in uncovered 
trays. ‘I'he exposures were made only on bright days 
in July and August 1947, between 10 a.m. and 4 p.m. 
At other times the plates were kept in the dark in- 
doors. After an accumulated exposure period of 32 
hours, one pair was removed to storage. The other 
pair was stored after 64 hours. Untreated check 
plates, in duplicate, were included with each set of 
six treated plates. 

Biological tests of the toxicities of the residues 
were made at intervals between October and Febru- 
ary, according to the method described by Nelson 
(1949). Adult house flies, Musca domestica L., were 
used as test insects. They were exposed to the sus- 
pension residues for periods of 2 and 4 minutes, 
and to the emulsion residues for 4 and 8 minutes. 
The increased exposures on the emulsion residues 
were necessary to get measurable kills. Each plate 
was tested at both exposures. With the plates in du- 
plicate, it was possible to make four tests at each 
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sunlight exposure. The untreated check plates in 
each set were tested in the same manner. The freshly 
sprayed plates were not biologically evaluated. 

The fly-mortality data for the four tests on each 
residue at each exposure were combined, and the 
mean mortality was calculated. These data are also 
presented in table 1. Occasionally one or two flies on 
the untreated plates died, but such mortality was re- 
garded as negligible. 

It is probable that at least some of the results 
shown in table 1 may have been influenced by the 
storage period of several months that intervened be- 
tween spraying and testing, and by the difference 
between the fly-exposure periods for the emulsion 
deposits and those for the suspension deposits. 

The toxicity of the emulsion deposits was mark- 
edly less than that of the suspension deposits, even 
when the plates were stored in the absence of sun- 
light. Since the original deposits of DDT were ap- 
proximately equal, it appears that most of the emul- 
sion residues deteriorated more rapidly in storage 
than the suspension deposits. The best emulsion was 
that containing carbon black (spray 13). The results 
with the suspension containing bordeaux mixture 
(spray 7) showed that this combination had a dele- 
terious effect on DDT even when the deposit was not 
exposed to direct sunlight. 

All the deposits, with the possible exception of the 
standard (spray 1), were less toxic after exposure to 
sunlight. All the suspension deposits, except those 
containing the hydrated lime and bordeaux misture 
(sprays 2, 3, and 7), were much more resistant to de- 
composition by sunlight than were any of the emul- 
sion deposits. The toxicities of these three deposits 
and of all the emulsion deposits were reduced to a 
very low level even after as little as $2 hours of ex- 
posure. Mortalities of 2 per cent or less indicate little 
or no toxicity as tested here. Carbon black (spray 
13) did not provide measurable protection from sun- 
light decomposition. Clay (spray 6) appeared to ac- 
celerate decomposition, as is indicated by the low 
level of toxicity after 64 hours of exposure as com- 
pared with that of the standard. 

These preliminary results indicate that the toxic- 
ity of DDT deposits may be reduced by exposure to 
sunlight or during storage. Also, under the condi- 
tions of these tests, deposits from suspensions were 
more toxic than those from emulsions, and main- 
tained a higher level of toxicity after exposure to 
sunlight. These results also suggest the importance 
of the type and the composition of DDT formula- 
tions to be used in connection with insect-control 
programs. A more critical study of some of these 
variables is in progress. 
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Field Experiments with Hexaethyl 
Tetraphosphate for Cabbage 
Aphid Control’ 


T. E. Bronson and P. V. Stone? U.S.D.A., Agr. 
Res. Adm., Bureau of Entomology and Plant 
Quarantine, and T. C. ALLEN, Wisconsin 
Agricultural Experiment Station 


Laboratory tests of hexaethyl tetraphosphate 
dusts and sprays have indicated that this material 
is highly toxic to the cabbage aphid, Brevicoryne 
brassicae (L.) (Bronson & Hall 1946). Very satis- 
factory results were obtained with a dust containing 
3 per cent of this material and with a finely atom- 
ized aqueous spray containing 2 per cent, when they 
were used immediately after being mixed. Roark 
(1947) reviewed the literature on hexaethy] tetra- 
phosphate. 

During 1946 field experiments were conducted at 
Kenosha, Wis., with hexaethy] tetraphosphate® as 
compared with nicotine, for the control of the cab- 
bage aphid on cabbage. The materials were applied 
both as dusts and as sprays, and in one experiment 
hexaethyl tetraphosphate was used as an aerosol. 

Dusts containing 3 per cent of hexaethy] tetra- 
phosphate in pyrophyllite and 5 per cent in tale were 
tested. They were prepared by placing the diluent 
in a rotary cement mixer, together with a number 
of smooth stones, and spraying onto it the proper 
quantity of undiluted chemical while the mixer was 
rotated. The aerosol contained 5 per cent of hexa- 
ethyl tetraphosphate, 5 per cent of a mixture of di- 
and tri-methylnaphthalenes, 40 per cent of tri- 
chloroethylene, and 50 per cent of methy! chloride. 
The hexaethyl tetraphosphate sprays were per- 
pared from a commercial preparation containing 50 
per cent of hexaethy] tetraphosphate with an emulsi- 
fier. The finished sprays contained 1 part of this 
preparation to 400 or 800 of water, or 0.12 or 0.06 per 
cent of hexaethy] tetraphosphate. 

A 3-per cent nicotine dust was prepared by mixing 
hydrated lime with a proprietary dust containing 
10 per cent of nicotine alkaloid in ground tobacco 
stems. A nicotine sulfate spray was prepared by add- 
ing 1 quart of nicotine sulfate (40 per cent nicotine) 
and 5 ounces of a phthalic glycery] alkyl resin to 
100 gallons of water (1:400). The finished spray 
contained the equivalent of 0.1 per cent of nicotine. 

All the hexaethyl tetraphosphate preparations 
were applied soon after being mixed, since they de- 
teriorate rapidly. All dusts were applied at the rate 
of 35 pounds per acre with a tractor-mounted power 
duster without an apron or hood, and the sprays at 
100 gallons per acre under 300 pounds pressure, 
with a sprayer operated by a power take-off from a 
tractor. The aerosol was applied at the rate of 16 
pounds per acre by means of a 12-foot broadcast- 
type boom consisting of 12 oil-burner nozzles con- 
nected by quarter-inch copper tubing. Each nozzle 
was capable of delivering 2 gallons per hour, and 
these nozzles released the aerosol within an enclosed 
hood to which a muslin apron 10 feet long was at- 
tached. 

Three experiments were conducted, each consist- 
ing of four insecticide treatments and an untreated 


1 Authorized for publication by the director of the Wisconsin 
Agricultural Experiment Station. 

2 Now entomologist with the Wisconsin Alumni Research 
Foundation. 

’ Hexaethy! tetraphosphate is now known to be a mixture 
containing tetraethy] pyrophosphate as the principal active in- 
gredient. 
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check replicated four times in randomized blocks, 
All plots contained four rows 300 to 400 feet long. 

Hexaethy] tetraphosphate, like nicotine, is quick 
acting. Therefore, infestation records were taken 24 
hours after treatment. In order that the test plants 
might have populations reasonably high and as 
nearly uniform as possible, 75 consecutive cabbage 
plants were selected in an inside row of each four- 
row plot, and from these plants the most heavily 
infested plant of each successive group of three was 
chosen. The infested leaf area on each plant was 
estimated and the total infected area for the 25 
plants was used as the measure of infestation. 

Resutts—Results of these experiments, sum- 
marized in table 1, indicate that all the hexaethy| 
tetraphosphate treatment were superior to the 
nicotine treatments. In the first experiment the 
hexaethyl tetraphosphate was more effective as a 
dust than as a spray or aerosol, but the dosage as a 
dust was about twice that as a spray and slightly 
higher than that as an aerosol. 


Table 1.—Results of hexaethyl tetraphosphate 
oe maaan against cabbage aphids infesting cab- 
age. 











InFestepD Loc or 
Lear Area INFESTED 
on 100 Lear 
TREATMENT PLANTS Area! Controi 
Square inches Per cent 
Experiment 1 
Hexaethy! tetraphosphate: 

Just 3% 25 2.854 98 
Aerosol 5% 55° 4.768 96 
Spray 1:1600 183 5.525 86 

Nicotine sulfate spray 1: 400 291 7.143 17 
Check (no treatment) 1,269 9 875 -- 
Difference required for sig- 
nificance (odds 19:1) ~ 1.995 
Experiment 2 
Hexaethy] tetraphosphate: 
Dust 3% 50 3.813 92 
Spray 1:800 6 .516 99 
Nicotine alkaloid dust 3% 151 5.973 76 
Nicotine sulfate spray 1:400 137 5.878 78 
Check (no treatment) 636 8.304 _ 
Difference required for sig- 
nificance (odds 19:1) — 1.434 -- 
Experiment 3 
Hexaethy] tetraphosphate: 
Dust 5% 8 1.034 99.7 
Spray 1:800 17 2.365 99.5 
Nicotine alkaloid dust 3% 409 7.032 87 
Nicotine sulfate spray 1:400 1.821 10,424 41 
Check (no treatment) 3,105 11,553 -- 
Difference required for sig- 
nificance (odds 19:1) -_ 1.775 —_ 





1 These values are the sums of the logarithms of the infested 
leaf areas for the 4 replicates. Analysis was through the courtesy 
of the University of Wisconsin. 

2 Based on only 3 replicates. 


In the second experiment the strength of the 
hexaethyl tetraphosphate spray was adjusted so 
that approximately the same dosage was applied as 
in the dust—about 1 pound of hexaethy] tetra- 
phosphate per acre. In this experiment the spray 
was definitely superior to the dust. Nicotine gave 
some control but was much less effective than hex- 
aethyl tetraphosphate. None of the plants sprayed 
with hexaethy] tetraphosphate had more than a half 
square inch of infested leaf area. 

In the third experiment about 75 per cent more 
hexaethyl tetraphosphate was applied as a dust 
than as a spray. Both preparations were very ef- 
fective, especially in protected areas of the plant 
where it is difficult to obtain good coverage. In this 
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experiment the nicotine dust gave fair control and 
the nicotine spray very poor control, perhaps be- 
cause of the slightly higher concentration of nicotine 
in the dust. The check plots were heavily infested. 
None of the plants dusted with hexaethy] tetra- 
phosphate had more than a half square inch of in- 
fested leaf area. 

Discusston.—These data and field observations 
show that the cabbage aphid can be controlled with 
a 5-per cent hexaethyl tetraphosphate dust or a 
spray mixture containing 1 part of hexaethy] tetra- 
phosphate to 800 parts of water. Further investiga- 
tion is necessary, however, before it can be recom- 
mended for this purpose. 

After repeated use it was found that the porcelain 
lining of the pump cylinders was rather badly 
etched, undoubtedly by the hexaethy] tetraphos- 
phate. This rough surface wore the pump leathers 
rapidly, and it was necessary to replace them after 
every 2 to 3 hours of operation. Some aerosol nozzles 
became clogged, perhaps by residues resulting from 
chemical action of the hexaethyl tetraphosphate on 
the tanks or fittings. 
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Effect of Soil Fertilization on the Rate 
of Reproduction of the Two-Spotted 
Spider Mite 
Puiuie GarMAN and B. H. KENNEDY 


It has been known for a long time that mite popu- 
lations respond in some way to food supply derived 
from the leaves on which they feed. European red 
mites, for example, frequently decline after bronzing 
the foliage sometimes independently of natural en- 
emy abundance. Whitcomb (1943) concluded that 
greenhouse red spiders infesting roses were less 
abundant on leaves with high pH sap, and it is well 
known that selenium introduced into some plant tis- 
sues has a direct influence on red spider abundance. 
Similarly, the citrus mite was thought by Thompson 
(1939) to be increased by nutritional sprays of cop- 
per and Halloway et al. (1942) observed a similar phe- 
nomenon from sprays of copper, zinc and manganese 
sulfate. The latter attributed the increase to “some 
physical or chemical property of the spray rather 
than the quantity of inert material used.” It is pos- 
sible that these sprays may have changed the pH 
among other things. 

Thus, from the facts that internal plant poisons 
retard mite development, that exhaustion of food 
retards development regardless of predators and that 
spays of copper, zinc and manganese presumably 
increase the rate of reproduction it would seem that 
the nutritive value of the cell sap had much to do 
with the density of mite infestations. From this evi- 
dence, as well as from the observation that pH of the 
leaves affects abundance on roses, it would appear 
almost a certainty that some internal plant condition 
must be partly responsible at any rate for the rise or 
fall of mite populations. Studies do in fact show that 
fluctuations occur under field conditions independ- 
ent of weather or predators (although both are of 


ScrENTIFIC NOTES 157 


Table 1. Effect of fertilization on reproduction 
of two-spotted spider mites on beans. Population 
at the end of 2 and 3 weeks starting from one 
adult female. Soil cultures. 








Pots Pots 
No. Fertiuizep No. UnFeEr- 
Dates 1948 Tests 7-5-9 Tests  ‘TILIZED 





3-Week Tests 


Apr. 27-May 18 5 86.2 4 34.5 
May 14—June 4 5 62.2 8 0.0 
May 26—June 16 2 88.6 2 12.0 
Average 79.0 23.2 

2-Week Tests 
Apr. 27—May I1 + 28.0 3 16.6 
Apr. 29-May 13 10 44.7 5 34.6 
May 5-—May 19 9 $2.8 7 15.4 
June 1-June 15 3 40.0 5 38.3 
: Average 36.4 26.2 





considerable importance) thereby indicating addi- 
tional factors, probably connected with palatability 
to the mites or ability of the leaf contents to support 
increase. 

If the theory, then, is correct, plants in poor grow- 
ing condition would harbor fewer mites than those 
in good vigor. In support of this we find that un- 
sprayed, unfertilized trees frequently have fewer 
mites than those that have been sprayed and ferti- 
lized. In the past, however, this phenomenon has 
been attributed more to the action of predators, so 
the idea of verifying our hypothesis became of im- 
mediate interest. 

Metuops. Single adult females were placed in 
cells made by gluing felt on microscope slides after 
cutting a hole in the felt. To confine the mites, a sim- 
ilar plain slide was clipped on the back of the leaf 
with pressure enough to keep individuals confined on 
the leaf within the cell. The females were taken from 
a single leaf, or from colonies appearing to be of the 


Table 2.—Effect of fertilization on reproduc- 
tion of two-spotted spider mites. Population at 
end of experiment starting from one adult female. 








No. Unferti- 





No. 
Dates Tests Fertizizer Fertilized Tests lized 
Sand Cultures—Beans 

Sept. 27- 

Oct. 18 ll Formula l! 129.09 2 14.50 
Sept. 22- 

Oct. 6 9 Formula2? = 31.55 12 16.08 
Sept. 28- 

Oct. 18 6 Formula 2 11.92 7 8.00 

Peaches in Sand 

Sept. 15- 

Oct. 5 5 Formula 3° 103.4 5 53.4 
Sept. 23 

Oct. 7 8 126.6 5 96.2 





1 Ra-Pid-Grow—Specially repared water soluble fertilizer con- 
taining Nitrogen 23%, Phosphoric Acid 21%, Potash 17%, plus 
other elements, also Vitamin B; and Bg. 1 teaspoon per quart— 
100 ml. per plant. 

2 Magnesium Sulfate 98.6 gm.—® liters water 
Calcium Nitrate 236.2 gm.—? liters water 
Potassium Acid Phosphate 13.6 gm.—l1 liter water 
Potassium Nitrate 101.10 gm.—? liters water 

145 cc each solution to 1443 ml. water used three times weekly as 
100 ml. per 4 inch pot. 


’ Magnesium sulfate 259. gm. 
Ge ees . Ons } dissolved together 
Potassium nitrate 48. 
Ferric Chloride 1.875 gm. 
cin pe i dissolved together 


Potassium permanganate .190 } 
Both solutions added to 20 gals.—1 gal. per 3-gallon crock. 
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same age. No counts were made until after the first 
week, but the totals were again taken after 2 weeks 
and in some cases 3 weeks. All stages were counted. 
Open barriers preventing the movement of mites 
from leaf to leaf were tried but were unsuccessful. 
Our first tests were with bean plants grown in potted 
soil and fertilized heavily with 7-5-9 mixture. It soon 
became evident that soil variations were responsible 
for considerable variation in results and sand cul- 
tures were substituted. Here there was an even 
greater difference between fertilized and unfertilized 
in relation to populations developing. All plants were 
kept in a greenhouse under average growing condi- 
tions. 

Resutts.—In the first series of soil tests (3 weeks, 
table 1) nearly three times as many mites developed 
on the fertilized plants as on the unfertilized; in the 
second series after 2 weeks there was a 27 per cent 
increase over the unfertilized. In the sand cultures, 
table 2, there was also a great difference after 3 
weeks and a considerable one after 2 weeks. Peaches 
grown in sand reacted similarly to the beans, table 
2, showing that either plant will produce heavier 
populations of mites if heavily fertilized In all these 
tests natural enemies were of course not a factor be- 
ing excluded by the cell barrier. 

Conciusions.—In view of the evidence presented 
here as well as records of a confirmatory nature in 
the literature, it is concluded that mite populations 
may easily fluctuate with the variable vigor of the 
host plant, due to heavy or light fertilization. 
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A Second Record of Lipoptena 
mazamae from Cattle 


Ricnarp B, Eaps, Bureau of Laboratories 
Texas State Department of Health, Austin 


Texas deer, Qdocoileus virginanus (Boddaert), 
are commonly parasitized by the Hippoboscid, 
Lipoptenae mazamae Rondani. Dr. J. C. Bequaert 
(1942) lists this fly from Angelina, Bexar, Colorado 
and Kerr Counties in Texas. Personnel of the State 
Department of Health have taken this species in 
Aransas, Blanco, Comal, Gillespie, Kendall and 
Lavaca Counties. Since deer and cattle frequent the 
same areas the possibility has not been overlooked 
that the fly might also parasitize the cattle. How- 
ever, only one Texas record of this deer parasite 
from cattle has come to the writer’s attention. July 
4, 1947, several specimens of Hippoboscidae taken 
from a cow in Comal County, Texas, were sent to 
the Division of Entomology, Texas A. & M. College, 
College Station, Texas. They were identified as 
L. mazamae by Dr. J. C. Bequaert. The only known 
record in literature of this parasite from cattle has 
been made by Dr. Bequaert (1942) in Chatham 
County, Georgia. 
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Even though this parasitic deer fly transfers its 
attention to cattle on a large scale, it is not likely 
to become a serious ectoparasite where the cattle 
are dipped or sprayed with one of the new organic 
insecticides. The ease with which this Hippoboscid 
can be controlled with DDT has been recently dem- 
onstrated at the Aransas Federal Game Refuge. 
Deer trapped there by the Texas Fish, Game and 
Cyster Commission unner a federal permit are 
moved to other Texas counties, other states and 
even occasionally to territories outside the United 
States. In an effort to prevent the spread of ecto- 
parasites of concern in the transmission of human 
and animal diseases from the heavily infested Gulf 
Coast region, it was decided to spray the deer before 
they were moved from the game refuge. Excellent 
results were obtained in controlling Lipoptena 
mazamae by treating the animals with 1 or 2 per 
cent wettable DDT (one pint per animal). Twenty- 
six deer were sprayed in initial tests. —12/2/48 
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Toxicity to House Flies of DDT and 
Two DDT Analogs 


R.H. Netson, W.A. Gersporrr, and 8.1. Gertier, 
U.S.D.A., Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine 


Numerous analogs of DDT are known and a few 
are in use as insecticides. Metcalf (1948) has recently 
published the results of studies on the insecticidal 
efficiency of certain of the fluorine analogs and has 
included a review of pertinent literature. 

Dichlorodiphenyltrichloroethane, or DDT, is 
more accurately described chemically as 1,1,1- 
trichloro-2,2-bis(p-chlorophenyl)ethane. The stud- 
ies reported here were made to determine the 
relative toxicities to house flies, Musca domestica L., 
of DDT and of two analogs in which the chlorine 
atoms in the para position on the aromatic rings 
were replaced by atoms of another halogen. These 
two compounds were the fluorine analog, 1,1,1- 
trichloro-2,2-bis(p-fluorophenyl)ethane, and the 
bromine analog, 1,1,1-trichloro-2, 2-bis(p-bromo- 
phenyl)ethane. It should be emphasized that there 
was no change in the aliphatic component of the 
molecule, this being the trichloroethy] group in all 
three compounds. Chemically pure materials were 
prepared for use in these tests. For convenience the 
materials are referred to in this paper as DDT, bro- 
mine analog, and fluorine analog. 

The bromine analog had a melting point of 144° 
C. and a molecular weight of 443.4. For the fluorine 
analog the corresponding figures were 45° and 321.6, 
and for DDT 108° and 354.5. 

The comparisons in this study are based on 
measurements of toxicity to house flies as deter- 
mined by the Campbell turntable method. The flies 
were reared by standard procedure. Preliminary 
tests were made to determine the concentrations on 
a weight-volume basis of each of the materials re- 
quired to cause mortalities at several levels. Solu- 
tions were made up in deodorized kerosene. The 
usual standard, the mixture of pyrethrins obtained 
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Table 1.—Toxicity to adult house flies of DDT and its bromine and fluorine analogs when ap- 
plied in kerosene sprays. 











MEAN RELATIVE 
MEAN ConcentTRA- TOXICITY AT 
KNOCK-DOWN MEAN TION CausinG 50 Per Cent 
IN 25 Mortauity 50 Per Cent Morvraniry 
MATERIAL CONCENTRATION MINUTES IN 1 Day MortaLity LEVEL 
Mg./ml. Per cent Per cent Mg./ml. 
DDT 0.667 40 92 0.24 1 
0.444 35 84 
0.222 24 45 
Bromine analog 1.00 34 91 0.45 0.53 
0.667 29 72 
0.444 18 49 
Fluorine analog 1.50 +4 82 0.82 0.29 
1.00 40 56 
0.667 26 39 
Pyrethrins (standard) 3.66 100 73 2.04 0.12 
1.83 100 39 
0.92 100 23 





from the kerosene extract of pyrethrum flowers, was 
included in the tests for comparison. 

Approximately 100 flies were used per test, and 8 
replications were run at each concentration, knock- 
down and mortality percentages being determined. 
The results are given in table 1. The concentrations 
causing 50 per cent mortality were obtained by 
plotting the mean mortalities on log-probability 
paper and reading the values from the lines fitted 
by the method of least squares. 

It is clear from the tabulated data that, under the 
conditions of these tests, the bromine and fluorine 
analogs as space sprays are not so toxic as DDT to 
house flies. The relationship is shown by the tabu- 
lated figures calculated for the relative toxicity at the 
50 percent mortality level. Busvine (1946) obtained 
median lethal concentrations against body lice, 
Pediculus humanus corporis Deg., and bed bugs, 
Cimex lectularius L., with the same three com- 
pounds. Our data on the relative toxicity to house 
flies are in the same order and of similar ratio to 
those Busvine obtained on body lice and bed bugs. 
In Peet-Grady tests against house flies Prill et al. 
(1946) found the fluorine analog to be less active 
and the bromine analog about equal to DDT. Met- 
calf (1948), however, found the fluorine analog to be 
about equal to DDT in initial toxicity to most of 
the 12 species of insects he studied, but more rapid 
inaction. Rapidity of action, as measured by knock- 
down in our tests, shows DDT to be the faster acting 
against house flies. 

As a matter of interest, the mean concentrations 
causing 50 per cent mortality as shown in table 1 
were calculated to molar solutions, and the relative 
toxicity was calculated on this basis. The molar 
concentration and the relative toxicity for the three 
materials were as follows: DDT 0.00068 and 1; 
bromine analog 0.0010 and 0.68; fluorine analogy 
0.0026 and 0.27. These figures agree very well with 
those obtained with the weight-volume concentra- 
tion figures and indicate that on a molecule-to- 
molecule basis the order of toxicity to house flies 
of the three compounds is about as shown in table 1. 
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Further Notes on the Host Relation- 
ships of Ticks on Long Island’ 


D. L. Couuis, R. V. Narpy and R. D. GLascow, 
New York State Science Service, Albany 


An earlier paper? by the same authors gives an 
account of the ticks found on 16 species of mammals 
and 26 species of birds collected on Long Island in 
1946 and 1947. The mammals included 293 speci- 
mens and the birds 74 specimens, with a total of 
2824 ticks of all stages. These included seven species, 
namely: Dermacentor variabilis (Say); Haemaphysalis 
leporis palustris Packard; Ixodes cookei Packard; I. 
dentatus Newmann; I. marxi Banks; I. muris Bish- 
opp and Smith; and IJ. scapularis (Say). 

One phase of the work included serological studies 
of the animals collected, carried on by and under 
the direction of, Dr. J. K. Miller.’ Sera and tissues 
from foxes and raccoons proved to be best suited for 
these studies. Furthermore, these two animals and 
skunks carried greater numbers of Dermacentor 


1 Presented at the 20th annual meeting of the Eastern Branch 
of the American Association of Economic Entomologists, New 
York City, Nov. 19, 1948. 

2 Jour. Econ. Ent. Feb. 1949. 

3 Associate Director, Division of Laboratories and Research of 
the State Department of Health. 
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variabilis, the principal local vector of Rocky Moun- 
tain spotted fever. Therefore, in 1948, the studies 
were confined largely to fox, raccoon, and skunk, and 
the present paper is concerned chiefly with the 
additional information gained from these more re- 
stricted studies. 

The 81 animals taken in 1948 included 45 red 
foxes, 12 raccoons, 3 eastern skunks, 2 eastern 
cottontails, 2 meadow mice and 17 muskrats. The 
same seven species of ticks found in 1946 and 1947 
were found in 1948, distributed as follows: Derma- 
centor variabilis on red fox, raccoon, skunk, microtus 
and rabbit; Haemaphysalis leporis- palustris on rab- 
bit; Zrodes cookei on red fox, raccoon and skunk; 
I. dentatus on rabbit; I. marzi on raccoon; I. muris 
on red fox, rabbit and skunk; and J. scapularis on 
red fox and skunk. No ticks of any species were 
found on muskrat. 

Table 1 shows seasonal abundance of ticks on the 
hosts from March to August. From the 81 animals, 
1226 ticks of all stages were collected. Dermacentor 
variabilis was the predominant tick on each animal 
species except the eastern cottontail, on which 
Ixodes dentatus, I. muris and Haemaphysalis leporis- 
palustris were more numerous. In 1946 and 1947 
1. muris was predominant on most of the animals 
and occurred in greater numbers than D. variabilis. 
In 1948, the greatly increased number of foxes taken 
resulted in the predominance of D. variabilis in the 
collections. The eastern skunk had the highest total 
average of D. variabilis per host (40.6), but this 
may have been due to the fact that the skunks were 
fewer in number and were all captured at the peak of 
the tick season while the foxes were taken before, 
during and after this peak. 


Table 1.—Abundance of ticks on hosts, 1948. 
(All hosts and all stages of ticks included.) 














AV. No. 
No. No. Ticks Per 

Monto ANIMALS Ticks Host 
March 24 36 15 
April 6 97 16.1 
May 14 523 37.3 
June 22 403 18.3 
July 12 147 12.2 
August 3 20 6.6 

Totals 81 1226 15.1 





The total average of Dermacentor variabilis per 
fox was 18.5. Table 2 shows the distribution of adult 
D. variabilis on red fox from March through August 
It may be noted that the average number of D. 
variabilis per fox rises rather sharply in May, 
(35.8), and then declines gradually. This indication 
that the peak abundance of D. variabilis occurred 
during the months of May and June was reflected 
also in the dragging records which were highest 
during these two months. 

The only adult ticks of any species found on the 
red fox in 1947 were Dermacentor variabilis. In 1948, 
adult specimens of Ixodes scapularis and I. cookei 
were also found. 

Of the total of 1226 ticks taken in 1948, only 7 
were larvae, 70 were nymphs and the remaining 
1149 were adults. Thus, 93 per cent of the ticks col- 
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Table 2.—Abundance of adult Dermacentor 
variabilis on fox, 1948. 
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Av. No. 








No. No. Ticks Per 

Montu ANIMALS Ticks Hos 
March 6 Ty 0.1 
April 5 34 6.8 
May 9 323 35.8 
June 15 344 23.0 
July 7 113 16.1 
August 3 17 5.6 

Total 45 832 18.5 





lected in 1948 were adults, and 88 per cent of all 
adults taken were Dermacentor variabilis; 10 per 
cent were Ixodes scapularis, and the remaining 2 
per cent were J. cookei, I. marxi, and Haemaphysalis 
leporis-palustris. 

The immature stages were distributed as follows: 
the 45 red foxes had 50 immature ticks, of which 
Ixodes muris was the predominant species; 12 rac- 
coons had seven immature J. cookei; three skunks 
had four immature J. muris and one I. cookei; two 
meadow mice had seven Dermacentor variabilis 
nymphs and two rabbits had six immature J. muris 
and two immature D, variabilis. 

Only one specimen of Jrodes marzi was collected. 
This was a partly engorged female taken from a rac- 
coon captured west of the Shinnecock Canal. In 1947 
the 37 specimens of J. marzi also came from west of 
the canal, 

Ixodes scapularis was found on red fox in 1948, 
but not in 1946 or 1947. J. marzi and I. cookei were 
both found on raccoon in 1948, but not in 1946 or 
1947. J. cookei was also found on skunk in 1948, but 
not in 1946 or 1947. 

Whether or not these figures indicate a seasonal 
or geographic fluctuation in abundance, or perhaps 
some variations in host preference, has not been 
determined. Only further work can shed light on 
this question. At least it is evident from these records 
as well as from the other data that collections over 
several years are required to give the complete pat- 
tern of host relationship. 

The largest number of ticks found on any one ani- 
mal was taken from a red fox collected on June 2 
from Shelter Island. On the same fox were 218 adult 
Dermacentor variabilis, three females and one nymph 
of Ixodes scapularis and one nymph and one larva 
of I. cookei. 

All foxes collected during May and June had 
ticks, but Dermacentor variabilis was more abundant 
on animals collected east of the Shinnecock Canal. 
The 7 foxes collected east of the canal during May 
and June had 421 adult D. variabilis or an average 
of 60 per fox, while the 17 foxes collected west of 
the canal during the same period had 246 D. varia- 
bilis adults or an average of 14.5 per fox. 

The next most abundant tick was Ixodes scapu- 
laris. It is interesting to note that this species also 
was more common east of the Shinnecock Canal. 
The total number of J. scapularis adults on the 20 
foxes taken east of the canal was 114, whereas the 
total on the 25 foxes taken west of the canal was 
only three. The period of highest incidence of adults 
on the hosts was April, as compared with late May 
and early June for Dermacentor variabilis. 
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An Editorial Faux Pas—or Worse 


SuortLy after the appearance of the De- 
cember number of the JouRNAL the editor 
received news of an inexplicable blunder. 
The editorial in that issue was credited to 
Dr. S. A. Rohwer when, as a matter of 
fact, it was contributed by Professor J. J. 
Davis. Inasmuch as both these gentlemen 
have been well known to the editor 
throughout our mutual entomolegical 
lives and the editor well knew that only 
Professor Davis could have written the 
editorial, the blunder was made. At first 


‘there was no possible explanation; later, 


the editor decided what must have hap- 
pened and how he permitted himself to 
let the blunder happen. But the explana- 
tions are not in order; the fact remains 
that it was essentially carelessness and 
entirely inexcusable, even though now ex- 
plainable. 

The mistake did great injustice to both 
gentlemen concerned. This injustice can 
not be corrected. Since editorial material 
is usually largely matters of opinion and 
point of view, the crediting of editorial 
statements to the wrong man is much 
more serious than if the mistake affected 
matters of fact only. 


The readers of the JouRNAL are asked 
to indicate in their copies that the edi- 
torial, signed S. A. Rohwer, should bear 
the name of J. J. Davis and, if they have 
criticisms of the editorial, to direct them 
to the person responsible and absolve Dr. 
Rohwer of the blame. Conversely, bou- 
quets should be addressed to Professor 
Davis. 

When the opportunity presents itself, 
the editor will publicly eat whatever dish 
of crow either of the aggrieved gentlemen 
may set before hm. When all is said and 
done, it is true that the fire caused by a 
carelessly dropped cigarette may cause 
just as much damage as the one mali- 
ciously set by an incendiary and the regret 
of the careless culprit can not repair the 
damage. 

Finally, the editor extends his most 
sincere apologies to the two gentlemen 
concerned and to the Association. If any- 
thing could increase his regret at the inci- 
dent it would be to lose, in any degree, 
the friendship of either of them. 

L. M. Pearrs 


A New Departure 


Ir it may be said that a custom which 
was once established and later abandoned 
can, after a time, become once more new, 
the JOURNAL is presenting a new depart- 
ure in the form of a news section. This will 
not be completely organized in the cur- 
rent issue but will take form to a greater 
extent in the April number of the Jour- 
NAL. 

The Associate Editor, Mr. Harry B. 
Weiss, will conduct this section. It is 
hoped that news items affecting entomol- 
ogists, especially personal notes, may be 
sent to Mr. Weiss by all who may have 
knowledge of them. As the number of 
entomologists increases and concurrently, 
the numer of our personal as well as pro- 
fessional friends increases, it becomes in- 
creasingly difficult to keep track of them. 
News notes which will facilitate this are 
most welcome. Then entomological events 


also are increasing. Regional meetings, 
not only the larger ones of the Sections of 
the Association and of other permanent 
organizations, but informal groups with 
common problems which are not neces- 
sarily permanent, get together with in- 
creasing frequency. Notes of such meet- 
ings should be sent in. If each reader will 
remember that items which interest him 
will doubtless interest many others, and 
will send accounts of such events, it will 
be easy for Mr. Weiss to arrange the most 
interesting section of the JouRNAL. 

Some notes will be used as fillers at the 
bottom of short pages but it is hoped that 
the items of greatest general interest, such 
as personals, may be arranged in a com- 
pact section. 

Address all notes to Mr. Harry B. 
Weiss, 616 First-Mechanics National 
Bank, Trenton, New Jersey. 


161 





OBITUARIES 


Epwarp GUERRANT KELLY 


€dward Guerrant Kelly, 1880-1949 


Edward Guerrant Kelly was born at Concord, 
Kentucky, July 25, 1880. He died February 7, 1949, 
at Manhattan, Kansas. He received his bachelor’s 
and master’s degrees from the University of Ken- 
tucky, and Doctor of Philosophy degree from Iowa 
State College. Doctor Kelly was a member of the 
staff of the Department of Entomology, University 
of Illinois from 1904 to 1907. In 1907, he was ap- 
pointed as a research entomologist to the Federal 
Bureau of Entomology and placed in charge of the 
Research Station at Wellington, Kansas. He did 
splendid research work in developing control meth- 
ods for Hessian fly, wheat strawworm, greenbug, 
chinch bug and cutworms attacking wheat. He 


directed the work of several assistant entomologists 
and continued research work until 1918, at which 
time he was employed by the Kansas State College 
as Extension Entomologist, which position he held 
until his death. His excellent annual reports, which 
were prepared and handed in on time, are not sur- 
passed by those of any extension entomologist. Dur- 
ing his thirty years as Extension Entomologist in 
Kansas he served on several national committees, 
organized and successfully conducted state-wide 
campaigns for the control of Hessian fly, grass- 
hoppers, chinch bugs, army cutworms, wheat straw- 
worms, wheat white grubs attacking staple crops 
and cattle grubs, lice, blood sucking flies, and screw- 
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worm flies attacking livestock. Professor L. C. 


Williams, Dean of the Extension Division, Kansas , 


State College in eulogizing Doctor Kelly as an ex- 
tension entomologist states,” So successful was he in 
getting the findings of our research and experiment 
a aff to farmers that his insect control programs 
were accepted in a comparative short time. His 
thirty years of work is a good example of what an 
agricultural extension worker can do. His contribu- 
tion should be an inspiration.” 

Doctor Kelly held membership in many honorary 
societies and professional organizations: Gamma 
Sigma Delta, honorary agricultural fraternity; 
Sigma Xi, science fraternity; the American Associa- 
tion of Economic Entomologists, The American 
Association for the Advancement of Science; The 
Kansas Academy of Science and the Kansas Ento- 
mological Society. He also was a member of the 
First Christian Church of Manhattan, a thirty- 
second Degree Mason and a Shriner. 

Doctor Kelly was an excellent organizer and took 
hold of an insect control campaign with the inten- 
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tion of doing it well and it was always done well. He 
was trustworthy and dependable. During the forty 
years of his work in Kansas, thirty of which were as 
extension entomologist, he was always willing to 
carry more than his share of work. He possessed the 
rare ability of quickly analyzing a situation, partic- 
ularly an insect outbreak, and he seldom erred in his 
judgment. Doctor Kelly’s work with the girls and 
boys in the 4-H Clubs was also constructive and well 
worthwhile. I personally attended several of his 
schools and was surprised at the interest the boys 
and girls took in making insect collections; they 
were interested in mounting and naming the insects 
in the insect boxes. They also were interested in the 
life history of the insects and the methods of control. 

His fine generosity and vision of professional 
service were largely instrumental in determining the 
practice of free interchange of insect control. The 
loss of his fellowship, experience and resourcefulness 


is incalculable. 
Geo. A. DEAN 


George Ware Barber, 1890-1948 


George Ware Barber (1890-1948), American nat- 
uralist, educator and writer, and member of the 
American Association of Economic Entomologists 
since 1914, died in his fifty-ninth year in New York 
City, December 5, 1948. 

Descendent of an old New England family, he 
was born at Hyde Park, Massachusetts, August 3, 
1890. He early manifested an interest in natural 
history and every phase of outdoor life, and partic- 
ularly in entomology and ornithology. 

He was graduated B.Sc. from the (then) Massa- 
chusetts Agricultural College in 1913, and M.S. and 
Sc.D. from Harvard in 1925 and 1927 respectively. 

He entered service of the U. S. Department of 
Agriculture, in the (then) Bureau of Entomology on 
January 1, 1914, and worked thereafter on wire- 
worms in Missouri, on range caterpillar in New 
Mexico, and on Hessian fly in Kansas and Maryland. 
During World War I, he was on furlough from the 
Department as Lieutenant of Cavalry in the U. S. 
Army, November 25, 1917 to May 19, 1919. On its 
termination and his return to the Bureau, his as- 
signments included investigations of the European 
corn borer in New England and Ohio and the corn 
earworm in various Eastern states from New Eng- 
land to Georgia until his retirement from Govern- 
ment service at age 55 on November 15, 1945, 
though he continued thereafter as Bureau collabora- 
tor without pay. 

Although Dr. Barber performed much work of 
permanent value along the various indicated lines of 
investigation during his long employment in the 
Bureau doubtless his most outstanding single 
achievement and that of greatest practical usefulness 
was the discovery and development of oil-insecticide 
treatments of sweet corn for earworm control. In 
1936 his tests showed that a little highly refined 
white mineral oil injected into the silk at the tips of 
corn ears would protect them against earworm in- 
jury. Until his discovery was made, no satisfactory 
treatment for the protection of corn ears from 
damage by this insect was known. By 1939 Dr. 
Barber had i improved the efficiency of this oil treat- 
ment by adding a very small percentage of pyreth- 
rins, without producing an undesirable flavor or 
residue. He also developed a practical method of 


applying the treatment profitably not only to small 
plantings of sweet corn by home growers but also to 
commercial plantings of sweet corn and seed corn by 
means of hand-force oilers or by atomization onto 
the silks. By 1942, Dr. Barber had demonstrated 
that a very small percentage of dichloroethyl ether 
or styrene dibromide could be substituted for war- 
scarce pyrethrins. Following his discoveries exten- 
sive and profitable use has been made of the oil- 
insecticide method by sweet corn growers in Florida, 
New Jersey, Texas, California, Idaho and other 
States. He received a meritorious promotion in 
recognition of this accomplishment and was cited 
for it by the U. S. Department of Agriculture in its 
Research Achievement Sheet No. 16-K, January 8, 
1945. 

Shortly after his retirement from Government 
service, he entered upon special investigations of the 
behavior of the house fly and toxicity of new insecti- 
cides notably DDT under the auspices of Rutgers 
University located at New Brunswick, New Jersey, 
in which capacity he served until his death. His work 
at Rutgers University amply demonstrated his un- 
usual qualities as teacher and as scientist. He had a 
profound influence on his associates and especially 
on the graduate students in entomology. His broad 
knowledge and experience, coupled with his success 
in aiding students and in winning their confidence, 
his jovial nature and insatiable capacity for work 
were a continuous source of wonder and admiration 
to his associates. 

During his years of Bureau and other work he was 
author or joint-author of 91 publications on ento- 
mological and related subjects. Even a cursory 
survey of these reveals abundant evidence of the 
high character and thoroughness of his work, his 
close and thoughtful observation, and the wide 
range of his interests. 

In addition to his published work, the files of the 
Division of Cereal and Forage Insect Investigations 
in Washington, with which he was connected, con- 
tain several reams of reports, not intended for pub- 
lication, that record in minute detail and extensive 
tabulations the scope, progress and results of his 
investigations on the European corn borer and on 
corn earworm, every part arranged in meticulous 
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order and all covered by comprehensive indexes also 
prepared by himself. 

His versatility and breadth of interest are well 
illustrated by his large and varied collections of 
specimens and literature, and several unfinished 
manuscripts dealing with such widely varied subjects 
as “Studies in the ecology of the Passerine birds of 
the Richmond, Virginia area,”’ and “Contributions 
to the history of early medical entomology as found 
in the writings of Dr. David Livingstone.” 

During Dr. Barber’s various entomological as- 
signments, he always took every opportunity to 
make collections of noteworthy or worthwhile adult 
and larval material wherever found. In course of 
time his insect§collection expanded to several 
hundred Schmitt boxes of pinned specimens and 
many thousands of specimens in alcohol, most of 
which was taxonomically classified and arranged, 
and all accompanied by full notes. He spent many 


hours of labor thereon and in care of light traps 
often until late at night, following long days of 
field work. 

From boyhood he was a passionate lover of books, 
and with the passing of years he gradually formed 
a large and increasingly valuable library of several 
thousand volumes, this being particularly strong in 
natural science and general literature. The scientific 
portion comprised not only an unusually large work- 
ing collection of the type of books and pamphlets 
ordinarily found on the work table of an average in- 
vestigator, but it also contained numerous rare 
taxonomic classics and many complete sets of sci- 
entific periodicals as well. General literature too was 
represented, in addition to the usual items of general 
interest, by many beautifully bound illustrated 
standard sets in Classical, English and American 
literature. 

In addition to his interest in science, Dr. Barber 
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also was an accomplished musician, could perform 
creditably on several instruments, and, when favor- 
able location enabled him to do so, was actively 
identified with various local musical activities. 
Sensitive to the touch of beauty he was a lifelong 
student and observer of flowering plants. An en- 
thusiastic philatelist, he likewise accumulated a large 
and valuable stamp collection, having particular 
emphasis on the more artistic forms. 

On July 28, 1919. Dr. Barber married Miss Estelle 
Hulse of Chattanooga, Tennessee, who, with their 
only child, George Winston, survive him. For the 
past several years Dr. Barber and family have made 
their home at 20 Edgewood Avenue, New Haven, 
Connecticut. 

In addition to the American Association of Eco- 
nomic Entomologists, his membership or fellowship 
included the American Academy of Arts and Sci- 
ences, the American Association for the Advance- 
ment of Science, the Entomological Society of 
America, the New York Entomological Society, the 
Ecological Society of America, the Agriculture His- 
tory Society, and the American Ornithologist’s 
Union. 

Although deeply interested in ornithology, it was 
not always possible for him to take time from more 
pressing entomological work for more than non- 
continuous field observations as opportunity offered 
in various western and southwestern States, as well 
as in Virginia, Georgia and Florida, therefore, his 
notes are of necessity somewhat fragmentary. His 
library, however, was particularly rich in the more 
important and more valuable contributions in 
ornithological literature. 

On the whole, Dr. Barber’s life was an excep- 
tionally useful one. His native bent for observation 
of nature developed into an enthusiasm that was 
profoundly stimulating to his professional associates. 
Possessing much personal charm and an individual- 
ity which enhanced interest both in his letters and 
informal conversation, he had a most enviable gift 
for making and keeping friends, and there are many 
of them to mourn his passing. Economic entomology, 
in the death of Dr. Barber, has sustained a very 
definite and very genuine loss. 

J.S. Wave 


Andrew Olof Larson, 1887-1948 


Andrew O. Larson, Associate Entomologist 
(Retired), U. S. Department of Agriculture, Bureau 
of Entomology and Plant Quarantine, died Nov. 2, 
1948. He was born at Molen, Utah, Sept. 11, 1887, 
and married Sophronia Peterson, who survives him, 
on Dec. 23, 1908. Also surviving are six children, 
Andrew Warren Larson, Mrs. Firona L. Johnson, 
Noel P. Larson, Mrs. Sarma L. Williams, Mrs. 
Chloe L. Cook, and James C. Larson, as well as a 
number of grandchildren. Two sons, Andrew and 
Noel, are members of the American Association of 
Economic Entomologists. 

After completing the normal course at the Uni- 
versity of Utah in 1912, Mr. Larson received his 
B.S. degree from the Utah State Agricultural College 
in 1916, and his M.S. degree from the University 
of Southern California in 1924. 

After a short period teaching school, Mr. Larson 
entered the field of entomology with the Utah Agri- 
cultural Experiment Station, working on the con- 
trol of pests attacking alfalfa. He was appointed as a 
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special Field Assistant in the Bureau of Entomology, 
U.S. Department of Agriculture, in 1918, for work 
in California as a part of a national survey to deter- 
mine the distribution of the newly introduced 
Oriental fruit moth. Upon the completion of this as- 
signment, Mr. Larson was assigned to a laboratory 
which had just been established in 1919 at Alhambra, 
Calif., for work on weevils affecting beans. Later 
this laboratory was transferred to Modesto, Cali- 
fornia. With the initiation, in 1930, of an investiga- 
tion on the pea weevil, Mr. Larson was placed in 
charge of the work at Corvallis, Oregon. In 1936 he 
was assigned to Twin Falls, Idaho, for work on the 
beet leafhopper. 

Mr. Larson’s failing health enforced his retire- 
ment in 1939, thus ending a career in entomology 
which was marked by his interest and painstaking 
effort to further the work in his chosen field. 

The author of more than 40 scientific articles, Mr. 
Larson published the results of his work on weevils 
in detail in two Technical Bulletins of the Depart- 
ment, No. 593 “The Bean Weevil and the Southern 
Cowpea Weevil in California” and No. 599 “Biology 
and Control of the Pea Weevil in the Pacific North- 
west.” 

Despite his impaired health,: Mr. Larson con- 
tinued his work in the Church of the Latter-Day 
Saints after his retirement, serving five years as the 
first Bishop of the Alhambra Ward. 

Mr. Larson was a member of the American Associ- 
ation of Economic Entomologists, the Entomological 
Society of America, the Washington Entomological 
Society, and a charter member of the Entomological 
Club of southern California. 


Roy E. CAMPBELL AND 
T. A. BrinpLey 
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Theodore Dru Allison Cockerell 
1866-1948 


“We are too apt to receive the gifts of Science 
without asking whence they come. It is well there- 
fore, to learn something of the lives of those who 
have made discoveries or organized scientific work.” 
This admonition, written in 1919 by Professor Cock- 
erell, well serves to introduce a review of some of his 
own experiences and accomplishments as one of 
America’s most outstanding biologists. For almost 
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three quarters of a century there emanated from his 
keen mind and fluent pen—in prose and in poetry— 
an ever-growing concatenation of observations about 
insects, snails, fish, flowers, organic evolution, soci- 
ology, and the philosophy of life itself. In his death, 
on January 26, 1948, the scientific world lost not 
only an internationally recognized authority on bees, 
scale insects, fossil invertebrates and plants, but a 
sage and kindly teacher and a painstaking investi- 
gator of many biological phenomena. 

Theodore Cockerell was born in Norwood, Eng- 
land, August 22, 1866. Following the death of his 
father, the family moved to Margate, by the sea, and 
here a panorama of marine and littoral life was re- 
vealed to him which undoubtedly stimulated and di- 
rected his early interests in natural history. While 
still in his ‘‘teens’’ he commenced collecting snails 
and contributing articles concerning them to scien- 
tific periodicals. He was soon recognized in concho- 
logical circles and continued to write about this 
group of invertebrates until the aggregate of his 


publications exceeded two hundred articles. During 
this same period of early life he made his first ento- 
mological contribution—a description of the larva 
of the Madeiran butterfly—Pyrameis indica occi- 
dentalis—which was recognized in Lang’s book on 
European butterflies. 

Cockerell received his early education in private 
schools in England, and he attended Middlesex 
Hospital Medical School from 1883 until 1886. He 
did not receive a degree, but was apparently forced 
to withdraw because of ill health and move to a more 
healthful climate. He chose Colorado and in 1887 
we find him at West Cliff, near Boulder, living an out- 
door life, collecting insects, and communicating some 
of his observations by letter to Dr. C. V. Riley, then 
editor of Insect Life. After remaining here for several 
years he returned to England and worked in the 
British Museum in 1890 and 1891. There he became 
acquainted with a number of British naturalists, 
among them Alfred Russell Wallace, and he experi- 
enced the unique privilege of assisting Wallace in the 
revision of his views on Darwinism, published under 
the title Island Life. 

In 1891, Cockerell was appointed Curator of the 
Public Museum at Kingston, Jamaica, where it was 
among his duties to “conduct investigations in eco- 
nomic entomology and answer all correspondence of 
this kind.”” This was his first official assignment in 
the field of applied entomology and he edited a series 
of styleographic sheets covering his observations and 
distributed them among the “planters.” While in 
Jamaica he became interested in scale insects and 
mealy bugs because, as he later wrote, “they were 
excessively abundant . . . of economic importance” 
and “‘the literature at that time was not very exten- 
sive and it was possible to remember more or less 
clearly the characteristics of all of the known spe- 
cies.’’ For more than two decades he retained an ac- 
tive interest in this group and described well over a 
hundred species, including such economic examples 
as the cottony cochineal scale, the cottony cactus 
scale, the red date scale, the fruit tree Pulvinaria and 
the pineapple mealy bug. 

In 1893 a recurrence of the illness of which he 
thought himself cured necessitated another change 
of climate, and through the influence of his friend 
C. H. Tyler Townsend, he secured an appointment 
as Professor of Zoology and Physiology in the New 
Mexico State College of Agriculture at Mesilla Park. 
Here he remained for almost seven years serving on 
both the teaching and Experiment Station staffs, 
being associated as friend and co-worker with a num- 
ber of men who later became prominent through 
their contributions to southwestern agriculture. 
Among these, in particular, were Fabian Garcia, a 
student of Horticulture and Director of the Experi- 
ment Station from 1913 to 1945; Hiram Hadley, first 
President of the College, later Vice-President of the 
University of New Mexico at Albuquerque and from 
1905 until 1907 Superintenednt of Public Instruction 
for the Territory; W. O. Wooten, geologist, botanist 
and co-author of Wooten & Standley Flora of New 
Merico and J. D. Tinsley, soil physicist and biologist 
for the Experiment Station, who later served for 
many years as General Agricultural Agent for the 
Santa Fe Railway. 

The majority of Cockerell’s scientific contribu- 
tions during this period were in the field of economic 
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entomology and ecology and included titles such as 
Scale Insects of New Mexico, Life Zones of New Mex- 
ico, and Preliminary Notes on the Codling Moth. 

While in New Mexico, he developed a second tax- 
onomie interest, that of wild bees, which proved to 
be even more lasting and fruitful than his earlier one 
in scale insects. For the remainder of his entire life, 
Cockerell pursued his investigations of this group, 
first describing those species which he collected in 
New Mexico and Colorado and gradually extending 
these researches to include the fauna of almost the 
entire world. By 1938, he had published the names 
and descriptions of 5,480 species of lesser categories 
and 146 names for genera and subgenera. He trav- 
eled widely, collected them in foreign lands, visited 
and studied collections in the larger museums, and, 
as a recognized authority, received large collections 
from practically every portion of the globe. Within 
a short time of his death, he was still engaged in 
studying collections of bees from Honduras and 
monographing certain genera. 

Cockerell’s life in New Mexico was saddened by 
the loss of his first wife, Annie Sara Fenn, an English, 
woman of “considerable literary promise,”’ and of a 
son, who was born to them in 1893 and died of diph- 
theria when only seven years of age. 

In 1900, Cockerell moved from State College to 
Las Vegas, New Mexico where he taught in the Nor- 
mal University for several years. Here he married 
Miss Wilmatte Porter, a woman with similar inter- 
ests in biology and teaching, and it was she who 
shared and furthered his investigations and ac- 
complishments for the remainder of his life. Prob- 
ably their most important joint contribution was in 
the field of genetics of sunflowers and the develop- 
ment of orange and red varieties. 

In 1903 Cockerell returned to Colorado and served 
successively as curator of the Colorado Col- 
lege Museum and lecturer in entomology at the Uni- 
versity of Colorado. He also held the position of con- 
sulting entomologist for the University of Arizona 
between 1901 and 1909 and in this capacity investi- 
gated the scale insects of date palm in the Salt River 
Valley. He found that two species were economically 
important, 7z.e. the date palm scale, Parlatoria blan- 
chardi(Targ.), and the red date scale, Phoenicococcus 
marlatti Ckll. and published these findings in Arizona 
Bulletin 56 in 1907. 

In 1906 he was advanced to full professorship at 
the University of Colorado and was awarded the 
honorary degree of Doctor of Science in 1913. From 
then until retirement in 1934 he divided his time be- 
tween teaching and research, with frequent expedi- 
tions to foreign countries or other parts of the United 
States. A large portion of his research time was de- 
voted to the taxonomy of bees, snails, fossil insects, 
and plants. By the time he had reached retirement, 
the aggregate of his publications exceeded 1200 arti- 
cles. His teaching was characterized by a thorough- 
ness and enthusiasm which inspired many of his 
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students to become teachers and self-reliant research 
workers. His two books Zoology and Zoology of Colo- 
rado are still useful as introductory texts to south- 
western zoology. 

Although given the title Professor Emeritus in 
1934, Cockerell did not retire from active work. He 
continued the pursuit of his favorite research inter- 
ests, traveled widely, collecting and lecturing on bi- 
ological subjects, and frequently taught for short 
periods at educational institutions where he was 
made welcome through the generous extension of 
their respective facilities. He spent a number of win- 
ters in Southern California investigating the ecology 
of a number of islands off the coast and later in Hon- 
duras in Central America where he taught economic 
entomology in the Pan American Agricultural School 
at Tegucigalpa and the private school of Harold 
Brosious near Minas de Oro. 

At various times during his life he was a member of 
or served in an official capacity in a large number of 
scientific societies. Among these were the American 
Association for the Advancement of Science, the 
Entomological Society of America, the American 
Associati.n of Economic Entomologists, and the 
American Philosophical Society. 

So great were Cockerell’s accomplishments during 
a life span of 81 years, and then often in spite of 
physical handicaps, that it is only natural to seek an 
explanation. This may be found not only in his ex- 
traordinary intelligence and devotion to science but 
likewise in a philosophy of life which gave him men- 
tal calm and conviction of purpose. This latter char- 
acteristic, expressed frequently in his writings, is 
well illustrated by two quotations, a portion of a 
poem, written soon after his settling in Colorado, and 
a sentence in prose written a few years before his 
death: 

“Our course is run, our harvest garnered in, 

And taking stock of what we have, we note how 

life, 

This strange, mysterious life which now we hold 

and now eludes our grasp, 

Is governed still by natural law, and its events 

Tread on each other’s heels, each one compelled 

to follow where the first has led. 

Noting all this, and judging by the past, 

We form our plans, until we know at last 

The treasure in the future’s lap 

Bold climber, all that thou hast won 

Lies still in shadow of the peaks above: 

Yet in the morning hour the sun 

Rewards thy work of love, 

Resting a moment on thy lesser height, 

Piercing the vault with rays too bright to face, 

Strengthens thy soul and gives thee ample might 

To serve thy human race.” 
“The scientific man is always on the road, never at 


the journey’s end.’ 
Joun R. Ever 
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This is an important monographic treatment of 
the Calliphoridae. Blowilies have received much 
public and scientific attention within the past few 
years not only because of their importance as myiasis 
producing parasites of man and animals but also be- 
cause of their possible role in the transmission of 
poliomyelitis. The apparance of ““The Blowflies of 
North America” will be welcomed not only by ento- 
mologists, but by physicians, health officers, sanitary 
officials, veterinarians, and others in any way con- 
cerned with preventive medicine, entomology, or 
public health. 

The book summarizes the biological information 
so far recorded about blowflies. It describes their 
various stages and discusses their economic impor- 
tance. It contains sections on the history of these 
flies, and how to collect, preserve, and study them. 

The section dealing with blowfly control gives the 
most modern methods of dealing with the pests, from 
the use of the insecitide EQ 62 for myiasis cases in 
livestock, to the utilization of 2-engined aircraft for 
the over-all reduction of such flies in great areas. 

The blowflies of North America (family Calli- 
phoridae) are grouped by the author into five sub- 
families; these form chapter-headings in the book. 
All species of blowflies known to occur on the North 
American Continent, and the West Indies, are in- 
cluded. The fauna consists of 27 genera and 83 spe- 
cies, a number of which are described forthe first 
time. 

A key to the major groupings of American muscoid 
flies enables one to determine whether a specimen is 
a blowfly or not, and to which subfamily of Calli- 
phoridae it belongs. 

The subfamilies, tribes, and genera are arranged 
hylogenetically. Under each subfamily, keys are 
given to genera and species. The species names are 
paginated in the key for easy reference purposes. 
The discussion of species, which are arranged alpha- 
betically under the genéric heading, includes the 
synonomy, description of each of the stages so far as 
known, distribution, biology, habits, and economic 
importance. 

Unfortunately names for many of the common 
blowflies known for many years under certain names 
are now changed. No doubt the author conducted 
thorough research to establish the correct names now 
assigned to many of the species so that such changes 
will not be necessary in the future. The generic name 
Callitroga is now used instead of Cochliomyia, and 
Apaulina replaces Procalliphora the generic name 
formerly assigned to the North American bird nest 
screwworm flies. The use of Phaenicia for all but one 
of the species of greenbottle flies formerly called 
Lucilia, and the use of Calliphora vicina R. D. for the 
common bluebottle fly long-known as Calliphora 
eurythrocephala (Mg.), are among the other changes. 
The author explains in detail reasons for using the 
name Callitroga americana (C.&P.) rather than C. 
hominivorax (Coq.). 
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The volume is well bound in serviceable blue buck- 
ram with gold lettering. The paper is of excellent 
quality, the typography is distinctly above average, 

Special attention must be called to the many ex- 
cellent illustrations in this book. It is unfortunate 
that the line drawings could not have been repro- 
dused as text figures and printed on the same pages 
with the specific descriptions, rather than being 
grouped together on plates at the back of the book 
where they are more difficult to use. The many ex- 
cellent illustrations, which include line drawings of 
heads, wings, genitalia of males, and often females, 
and the principal structure of the larvae add greatly 
to the usefulness of the book. 

It is unfortunate that the book could not have ap- 
peared in the early war years when it was first ready 
for the printers. It could have been of great service 
to our military efforts. However, this will not de- 


tract from its usefulness in the future. 
E. F. Knipiine 


CHEMISTRY AND Uses or InsecticipEs, by E. R, 
deOng. 1948. viii+353 p. $6.00. Reinhold Pub- 
lishing Co., New York. 


Under insecticides the author includes not only 
insect killers but fungicides, week killers, rodenti- 
cides, and other ‘‘economic poisons.” The book is in- 
tended to give the public both the scientific studies 
on insecticides and the industrial development with 
its background of legal supervision. Chapter head- 
ings are: Introduction, which scans the making of in- 
secticides from “‘backyard to chemical factory” as 
the many uses developed; arsenic and its compounds; 
copper and its compounds; sulfur and its com- 
pounds; miscellaneous inorganic compounds—fluo- 
rine, selenium, mercury, etc.; mineral and other oils; 
fumigants and fumigation; plant derivatives, syn- 
thetic organic compounds; and, heat, cold and radia- 
tion as insecticides. Each chapter has an extensive 
list of refernces which unfortunately have no appar- 
ent order, either alphabetical, chronological, or 
other. The dictionary of insecticides among the ap- 
pendixes includes numerous compounds, not treated 
in the text, with simple definitions such as “‘seed dis- 
infectant” or “insecticide, used for aphids.’’ There 
are sections on legal requirements covering the man- 
ufacture and sale of insecticides and fungicides, and 
official antidotes. Treatment of the many different 
materials naturally vary in length with the accumu- 
lated knowledge and the value of each. The fuller 
treatments, such as for rotenone, include chemical 
characteristics, insecticidal action, use, formulation 
of dust and sprays, and compatibility. The book 
contains a wealth of information that will be useful 
to beginning students, advanced researchers in pest 
control, and to manufacturers. 

TuEopore L. BissExu, College Park, Md. 


Dictionary oF GENETICS. Including Terms used in 
Cytology, Animal Breeding and Evolution. Com- 
piled by R. L. Knight (Senior Economic Geneti- 
cist, Empire Cotton Growing Corporation and 
Sudan Government). Lotsya. A Biological Mis- 
cellany. Vol. 2. 183 pages. Waltham, Mass.: 
Chronica Botanica Co., New York City: Stechert- 
Hafner, Inc. Price $4.50. 

This glossary of genetic and allied terms is based 


upon the terminology abstracted from about 150 
selected books and articles which are listed in the 
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bibliography. Most of these are British although 
some 40 seem to be of North American origin. In- 
cluded in the list are the more recent standard texts 
such as Hayes and Immer on plant breeding, Lush 
or Rice on animal breeding, Goldschmidt’s “‘Physio- 
logical Genetics,” Mayrand also J. Huxley on evo- 
lution, as well as many of the older sources—Dar- 
lington, Wilson on cytology, and older texts on 
genetics and allied subjects. In addition there are a 
number of shorter papers from the genetical and 
biological journals. The majority of the perhaps 
2500 terms defined have to do with cytology, genet- 
ics, evolution, breeding, endocrinology and vita- 
mins. Many terms pertaining to entomology, insect 
morphology, embryology, biometry, and reproduc- 
tion in animals and in seed plants are also cited. 
There seems to be a general and complete omission 
of comparable terms for application to the reproduc- 
tion, and hence genetics, of the fungi, and one looks 
in vain for elucidation of such words as “kappa” 
and “killer’’ in relation to the genetics of protozoans. 
Some words which might sacrcely be found outside 
of the original paper in which they were used— 
cleistogameon, luploidion, strathmokinesis for ex- 
amples—will be found, together with a number of 
unusual terms—as cyesis, synacme—as substitute 
words for others in more common use. It is, of course, 
the definition of unusual and unknown terms that 
is of greatest use in a work of this sort. The defini- 
tions of terms are in general both well-considered 
and easily understandable. Both errors and omis- 
sions seem to be very few indeed. Akinete is defined 
as ‘‘a resting cell’’; it might better have been limited 
to a type of spore in the algae. The word “‘sobole”’ 
is listed and defined as “‘a rhizome or underground 
creeping stem.’’ This perhaps represents the latin 
singular noun “soboles,”” or more correctly “‘su- 
boles,”” meaning a stolon, runner, orshoot, and with 
various derived meanings such as race and gens in 
the latin. Appendices give useful tables and for- 
mulae, the International Rules for symbolizing 
genes and chromosome aberrations, and distances 
recommended for the avoidance of pollen contam- 
ination in seed production in crop plants. Dr. 
Knight’s Dictionary will be a useful addition to the 
book shelf of the student or investigator, whether 
geneticist, cytologist, breeder, or entomologist, who 
reads in the literature of genetics and allied subjects. 
J. L. CaRTLEDGE 


CHEMISTRY AND Usgs oF INseEcticipEs. DeOng, 
E. R. viiit+345 p. $6.00. Reinhold Publishing 
Co., New York. 1948. 


_ Under insecticides the author includes not only 
insect killers but fungicides, weed killers, rodenti- 
cides, and other “economic poisons.” The book is 
intended to give the public both the scientific studies 
on insecticides and the industrial development with 
its background of legal supervision. Chapter head- 
ings are: Introduction, which scans the making of 
insecticides from “‘backyard to chemical factory” as 
the many uses developed; arsenic and its compounds; 
copper and its compounds; sulfur and its com- 
pounds; miscellaneous inorganic compounds— 
fluorine, selenium, mercury, etc.; mineral and other 
oils; fumigants and fumigation; plant derivatives, 
synthetic organic compounds; and, heat, cold and 
radiation as insecticides. Each chapter has an ex- 
tensive list of references which unfortunately have 
no apparent order, either alphabetical, chrono- 
logical, or other. The dictionary of insecticides 
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among the appendixes includes numerous com- 
pounds, not treated in the text, with simple defini- 
tions such as “seed disinfectant” or “insecticide, 
used for aphids.” There are sections on legal re- 
quirements covering the manufacture and sale of 
insecticides and fungicides, and official antidotes. 
Treatment of the many different materials naturally 
vary in length with the accumulated knowledge and 
the value of each. The fuller treatments, such as 
for rotenone, include chemical characteristics, in- 
secticidal action, use, formulation of dust and 
sprays, and compatibility. The book contains a 
wealth ofinformation that will be useful to beginning 
students, advanced researchers in pest control, and 
to manufacturers.—T. L. BissEuu. 


A CataLoeur or INsecticipEs AND FUNGICIDES, 
Vol. II. Chemical Fungicides and Plant In 
secticides. Donald E. H. Frear. X+153 pages’ 
Annales Cryptogamici et Phytopathologici (in- 
corporating Annales Bryologici). Vol. VIII. Frans 
Verdoorn, editor. Chronica Botanica Co., 
Waltham, Mass., and Stechert-Hafner, Inc., 
1948. $5.50. 


This volume includes 37 pages of coded references 
to synthetic organic compounds tested as fungicides, 
33 pages listing plant species investigated as in- 
secticides, and a list of literature references and 
patents covering 28 pages. The literature has been 
searched up to January, 1944. 

As promised in Volume I (see review in J. Econ. 
Ent. 41(3):421, June, 1948), the present volume 
includes an alphabetical index of the nearly 10,000 
chemical compounds treated in both volumes, ar- 
ranged under the system of nomenclature used in 
Chemical Abstracts. This allows ready reference to 
the information on any given compound, without 
recourse to the ingenious coding system by which 
the compounds have been classified according to 
their chemical relationships. 

These volumes are indispensable to the student, 
the teacher, and the research worker in the field of 
economic poisons. The author may take comfort in 
the knowledge that others will be spared many 
hours of the thorough, painstaking inquiry repre- 
sented by this comprehensive compilation. 

The publishers announce that a limited number 
of copies of the two volumes will be bound together 
in morocco, and interleaved with blank paper. These 
will be available shortly at $22.50. 

H. N. WortHLeyY 


FILTERABLE Viruses. By Francis O. Holmes, Rocke- 
feller Institute for Medical Research, Princeton, 
N. J. 159+-xxiii pages. 1948. Williams & Wilkins 
Co., Baltimore, Md. Price $2.50. 


This book, a systematic treatment of the viruses, 
constitutes “an exact reprint, without change of 
paging or other details, of Supplement No. 2, 
Bergey's Manual of Determinative Bacteriology, 6th 
Edition, published in 1948, except the Index which is 
revised and enlarged.’ As such it serves as a small 
volume of handy size and of ready use to virologists 
without the encumbering size of the larger Manual. 
Except for isolated attempts, this work represents 
the first thorough and authentic effort to classify 
animal, plant, and bacterial viruses following a 
binomial system. 

The order Virales, as presented by the author, 
consists of 13 families, 32 genera, and 248 species. 
Three large groups are recognized, namely viruses 
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affecting bacteria, viruses having only animal hosts, 
and viruses invading higher plants. Keys to the 
various families and genera are included, and each 
species is named, described, and accompanied by 
references to the pertinent literature. Unfortunately 
the long period of time the book was in press did not 
enable the author to bring the references as up-to- 
date as may be desired, although coverage up to 
1943 is adequate. 

As far as entomologists are concerned, the book is 
of value primarily as it presents information per- 
taining to the insect vectors of plant and animal 
virus. The viruses causing diseases in the insects 
themselves are also treated, but recent discoveries 
have reduced the informative value of this small 
section (family Borrelinaceae). The vectors of the 
plant and animal viruses are listed in excellent form, 
the specific and familial scientific names as well as 
the common names being given. 

The format of the book and its printing are of ex- 
cellent quality. Withoxt question the book will be 
of great value not only to those interested in the 
systematics of viruses but to entomologists and 
others who are concerned with the insect transmis- 
sion of both animal and plant viruses. Regardless of 
what one’s personal philosophy may be concerning 
the advisability of attempting a classification of 
viruses at this time, a great deal of credit must be 
extended to Dr. Holmes for his courageous under- 
taking and for the vast amount of strenuous labor 
that went into the preparation of this volume. The 
author deserves the heartiest congratulations for his 
accomplishment! 

Epwarp A. STEINHAUS. 


Larvak or Insects——Part I Lepidoptera and leaf 
feeding Hymenoptera. By Alvah Peterson, Ohio 
State University, Columbus, Ohio, Lithoprinted, 
cloth bound, 8” 103” 84 plates, 315 pages. Price 
$5.00. 


This is the book for which many of us have been 
waiting. In the past most institutions have stressed 
the taxonomy of the mature stages of insects with 
very little emphasis on the immature stages. Many 
entomologists have realized the fallacy of such an 
arrangement as soon as they started working in the 
field and discovered that it is the immature stage of 
insects which cause most of the damage. Also, in the 
case of parasites and predators, it is usually the im- 
mature stage that does the most good. Consequently, 
it is the immature stage which is usually seen by the 
economic entomologist, the field man, the plant 
inspector, the county agent or the grower. 

Many seem to “shy away” from a study of im- 
mature insects. The first glance at the keys in the 
present volume will probably cause additional con- 
cern until an honest attempt is made to use them. To 
some it may be somewhat of a new language but the 
“new” terms are well defined in the glossary which 
is included and there are many references to figures 
which illustrate the characters being used in the 
keys. 

Once the 84 plates of drawings are examined it will 
be realized that Dr. Peterson has truly prepared a 
“picture book”’ of immature insects that can be used 
by anyone. 

Part I presents detailed information on many 
common and important species of Lepidoptera and 
plant infesting Hymenoptera. The introductory por- 
tion discusses the various technics of collecting, kill- 
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ing, preserving, restoring and inflating larvae. 
It also contains keys to all the common orders 
for nymphs, larvae and pupae and many figures of 
each. 

Under each order (Lepidoptera and Hymenop- 
tera) are keys to families, some special keys to 
species and bibliographies. Probably the most 
valuable portions for each order are the descriptions 
of living larvae and the numerous plates of drawings, 
which show diagnostic characteristics of species. 
Larvae of each family also are described. Lists of 
family names, lists of scientific and common names 
of many species and lists of food plants for all species 
figured are included. Part I ends with a key to ab- 
breviations, an extensive glossary and a general 
index. Part I is a good job, well done and written 
for the most part in the universal language of pic- 
tures. 

It is to be hoped that Part II will be available in 
the near future. 

Part I may be obtained from the author or Ward's 
Natural Science Establishment, Inc., 3000 E. Ridge 
Road, Rochester, N. Y. 

CLYDE F. Smita 


GrowtTH oF PLants—Twenty Years’ Research at 
Boyce Thompson Institute. William Crocker. 
New York: Reinhold, 1948. Pp. v+459. (Il- 
lustrated.) 


The research of the Boyce Thompson Institute 
since its founding in 1924, is presented in a coherent, 
scholarly, and interesting fashion that is charac- 
teristic of the scientific reports emanating from this 
Institution. 

The broad title of many a book often indicates a 
coverage of subject matter which an inspection of 
the book reveals to be lacking. In this particular one, 
however, the main title, “Growth of Plants,”’ is less 
indicative of the nature of the contents than the sub- 
title, “Twenty Years’ Research at Boyce Thompson 
Institute.”’ For the benefit of those who may not be 
fully acquainted with the scope of their research, 
the main fields of endeavor may be indicated by a 
listing of the various chapter headings. Dr. Crocker 
has ably reviewed the work on: Life Span of Seeds; 
Dormancy in Seeds; Physiological Effects of 
Ethylene and Other Unsaturated Carbon-Contain- 
ing Gases; Effect of Certain Lethal Gases upon 
Plants and Animals; Dormancy in Buds; Plants 
Grown under Controlled Environmental Conditions; 
and, Miscellaneous Studies. In addition, certain 
chapters were contributed by co-authors, as follows: 
Plant Hormones (Dr. P. W. Zimmerman); Plant 
Cell Membranes (Mrs. Wanda K. Farr); Research 
on Insecticides (Dr. Albert Hartzell); and, Fungicide 
Investigations (Dr. S. E. A. McCallum). Entomolo- 
gists and plant pathologists will be particularly in- 
terested in these two, last-named chapters. 

Certain aspects of the main topics are, of necessity, 
covered breifly so that a more complete report of the 
specific studies by the Institute may be adequately 
presented and discussed. The pertinent work of in- 
vestigators from other places is, however, adequately 
referred to and evaluated in the discussions. 

Certainly all who work with plants will be greatly 
interested in this report, and will want available a 
copy of this very fine book. 

Hueu G, Gaucu 

Assoc. Prof. of Plant Physiology, 

University of Maryland 
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CONFERENCES 


Tue Rocky Mountain CONFERENCE OF ENTOMOLOGISTS 


The nineteenth Rocky Mountain Conference of 
Entomologists was held in the mountains at the 
Cameron Pass Camp, about 85 miles West of Fort 
Collins, Colo., August 17-21 inclusive, 1948. Mem- 
bers of the families joined in a combined recreational 
and scientific meeting. A total of 118 representing 18 
states and the District of Columbia were in camp. 
The entomologists in attendance were: A. Fullman 
Allred, Lauren Anderson, J. Everett Bussart, Ralph 
W. Bunn, H. S. Beaudoin, W. D. Buchanan, S. W. 
Clark, P. B. Cole, Leslie B. Daniels, H. F. Dietz, 
H. E. Dorst, D. G. Denning, L. F. Edmunds, J. R. 
Eyer, A. J. Flebut, F. A. Fenton, Fred Fletcher, 
John F. Glawe, F. Herbert Gates, J. W. Gibson, 
David C. Hall, Homer J. Henney, R. E. Hamman, 
Clyde C. Hamilton, Ephriam Hixson, Floyd Holmes, 
W. B. Hull, D. E. Howell, J. L. Hoerner, A. L. 
Hershey, Albert W. Johnson, Ralph R. Lloyd, C. D. 
Leedham, George M. List, C. L. Massey, D. R. 
Merkley, Gordon T. Mickle, Harlow B. Mills, Sam 
C. McCampbell, C. E. Nelson, Jr., J. H. Newton, 
W. E. Peay, Miriam A. Palmer, R. E. Pfadt, Geo. 
I. Reeves, D. G. Rice, T. R. Robb, P. A. Ray, 
Madelon Rey, Don C. Stehr, B. Thomas Snipes, 
Harold Schnorrenberg, John R. Stuntz, C. E. 
Titensor, Carl R. Tanner, Noel Wygant, Harry G. 
Walker, R. J. Walstrom, E. N. Woodbury, R. L. 
Wallis. 

All programs were in the form of symposia and 
discussions. Seven sessions were held. 

A committee consisting of J. R. Eyer, D. E. 
Howell and A. J. Flebut arranged the program each 
day from the titles for discussion that had been sug- 
gested. The principle theme was the newer insecti- 
cides, their physical and chemical properties, their 
formulation, uses, and limitations. The following 
gave the discussion on the chemical and physical 
properties and the formulations of the newer ma- 
terials after which all told of their research and field 
experiences. Harry F. Dietz—DDT, methoxychlor, 
benzene hexachloride and DDD; Harry Walker, 
DDT; E. N. Woodbury—chlorinated camphene 
and related compounds; J. Everett Bussart, chlor- 
dan; Robert E. Hamman, chlordan and ‘Com- 
pound 118”; Fred Fletcher, benzene hexachloride, 
parathion, dinitro compounds, methyl bromide, 


ethylene dibromide, dichloro propene; Thomas 
Snipes—piperony! butoxide and related compounds; 
Wm. J. Finely, Botanicals. 

The discussion of the use of the new insecticides 
came under the following general headings and dis- 
cussion leaders. 

Livestock insect pests—D. E. Howell, T. R. Robb, 
Ephriam Hixson, Gordon T. Mickle, D. G. Denning, 
Clyde Hamilton, R. E. Pfadt, Harry Dietz. 

Field crop insects—Claire E. Titensor, C. E. 
Nelson, Jr., William Hull, John F. Glawe, A. J. 
Flebut, J. R. Eyer, J. W. Gibson, D. G. Denning, 
Gordon T. Mickle, Howard E. Dorst. 

Tomato insects—Howard E. Dorst 

Thrips on tomatoes—Walter E. Peay 

Celery insects—Howard E. Dorst, Geo. M. List 

Mexican bean beetle—J. R. Eyer 

Greenhouse insects—Clyde Hamilton 

Rearing Macrocentrus ancylivorous—Lorin Ander- 
son 

Chlordan residues—Robert E. Hamman 

The Englemann spruce Leetle—Noel Wygant, David 
F. Hall 

The European bark beetle and Dutch elm disease in 
Colorado—Geo. M. List 

The Black Hills beetle—Calvin Massey 

The spruce bud worm—W. D. Buchanan. 

The pine tip moth—W. 1D. Buchanan, F. A. 
Fenton. 

The pecan nut case bearer—F. A. Fenton. 

Fruit Insects 

The work in Colorado 

The work on the West Coast—A. J. Flebut. 

The cherry fruit worm—J. L.. Hoerner. 

Insect fauna of oak-hickory forest floorn—Wm. C. 
Stehr. 

Entomology in the Army—Ralph W. Bunn. 

Those elected to arrange for the 1949 Conference 
were: 

Chairman—Fphriam Hixson. 

Vice-Chairman—Leslie B. Daniels. 

Secretary—Geo. M. List. 

Treasurer—John L. Hoerner. 

Gero. M. List 
Secretary 


Twenty-Turrp ANNUAL WESTERN COOPERATIVE SPRAY CONFERENCE 


The Twenty-third Annual Conference of the 
Western Cooperative Spray Project was held at 
Portland, Oregon, on January 26 to 28 for a discus- 
sion of research work being done by the members on 
the spraying of deciduous fruit trees. 

There was great interest in the performance of 
parathion and other acaricides in controlling orchard 
mites. Research work on aphids, scale insects, pear 
psylla, prune thrips, cherry fruit fly, codling moth, 
and peach, cranberry and filbert insects was also dis- 
cussed, as well as research on fungous diseases and 
pear blight. 

The suggestions for the use of orchard sprays, 
which are used as a basis for the recommendations is- 
sued by others, were revised and somewhat abridged, 
as the information on summer oil formerly given is 
no longer considered necessary. Emphasis was on the 
use of DDT and parathion. 

On the last day the members were guests of the 


Pacific Insecticide Institute at a luncheon presided 
over by Mr. Ed Littooy, of the Colloidal Products 
Corporation. A number of talks on insecticides were 
heard and the suggestions were discussed. Over 200 
attended the luncheon. 

Attendance at the closed sessions was as follows: 
British Columbia Department of Agriculture, 3; Ca- 
nadian Department of Agriculture, 2; Experiment 
Stations of California, 3; Idaho, 1; Montana, 1; Ore- 
gon, 14; Utah, 1; Washington, 23; and U.S. Depart- 
ment of Agriculture, 8. These included chemists, en- 
tomologists, horticulturists and plant pathologists. 
There were also about 25 accredited visitors, most of 
them from the State Departments of California, Ore- 
gon and Washington, and the U.S. Department of 
Agriculture. 

E. J. Newcomer, Yakima, Wash., Chairman 
F. L. Overtey, Wenatchee, Wash., Secretary 
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A NOTE ON THE ENTOMOLOGICAL SECTION OF THE NATIONAL AGRICULTURAL 
ApvisoryY SERVICE OF ENGLAND AND WALES 


American and Canadian entomologists have in the 
past been familiar with the set up of the Advisory 
Service in England and Wales and many have been 
the valuable contacts between workers in these 
countries; great changes tending to sever these con- 
tacts have taken place. 

From the early 1920’s until 1946, the specialist 
advisory (Extension) officers in the major applied 
sciences relating to agriculture were stationed at the 
principal universities having agricultural faculties 
or at agricultural colleges. For this purpose the 
country was divided into 13 provinces and the 
specialist advisory officer, like the extension special- 
ist in the U.S.A., was a member of a team which in- 
cluded soil chemists, mycologists, entomologists, 
veterinary investigation officers, dairy bacteriolo- 
gists and economists. This team was available to ad- 
vise the county agricultural organisers (who 
correspond to the county extension agents in the 
U.S.A.) and to assist farmers by diagnosing and ad- 
vising on problems which could not be dealt with 
locally. Many problems called for a considerable 
volume of field investigation and research, which 
must be the basis for really sound advice; the 
amount of original research carried out by the Ad- 
visory Officers was considerable. The specialists, 
however, were a part of the research staff of the 
agricultural faculty of the university or college to 
which they were attached and it was often found 
that the growing pressure of work meant that either 
the research or the advisory work suffered. Further, 
the advisory and extension services at the county 
level were largely financed by government funds on 
the basis of a formula which, unfortunately, often 
prejudiced those countries which depended almost 
entirely on agriculture and had a small urban popu- 
lation. 

During the war, both the provincial advisory 
specialists and the county agricultural organisers 
became more closely integrated with the Ministry of 
Agriculture & Fisheries; in 1946 the Provincial 
Advisory Service and the County Agricultural Serv- 
ices were absorbed into a new organisation, The 
National Agricultural Advisory Service, which is 
administered by the Ministry of Agriculture & 
Fisheries and is independent of the universities and 
colleges. The number of the provinces has now been 
reduced to 8, although in several of the provinces 
which are large, it has been necessary to establish 
sub-centres. 

Most of the entomologists who were serving as 
provincial advisers under the old system, have joined 
the new Service, which, in general, has provincial 
headquarters, including diagnostic laboratories at or 
near universities or colleges. The advisers will con- 
tinue to carry out a certain amount of research work 
in addition to advisory work and the testing out of 
the suitability of new ideas and techniques through- 
out their own region. During the war, I am afraid, 
we inevitably lost contact with our entomological 
colleagues in North America, and the fact that many 
of us now have left the universities to become mem- 
bers of the new Agricultural Advisory Service, has 
broken many of the links which remained. All of us, 
however, are anxious to rebuild our professional 


contacts in the U. S. and elsewhere; all of us, I am 
sure, would be very glad to hear from old friends and 
to make new ones. I hope, therefore, that readers of 
your Journal will not hesitate to write to any of us 
at our new addresses about our common scientific 
problems or on any other matter in which they are 
interested. I might add that most of the entomolo- 
gists are also interested in problems relating to plant 
parasitic nematodes, since they have difficult eel- 
worm problems to face in their provinces. The in- 
dividual advisers will also be pleased to assist con- 
tacts between their assistants and U. S. or Canadian 
workers, for many of the assistants are working on 
special problems. If I can be of any assistance in 
putting any North American reader who is in- 
terested in a particular field of entomology into 
touch with workers of similar interests in Great 
Britain, I should be only too glad to help, and so I 
am sure, would the Agricultural Attaché in the 
British Embassy, Washington, or the Agricultural 
Adviser to the High Commissioner for the United 
Kingdom, Ottawa, Ontario, Canada. 

The old province which used to centre on Man- 
chester, has been merged with other provinces and 
its largest county, Lancashire, now forms part of the 
Yorkshire and Lancashire Province. Mr. H. W. 
Thompson, M.Sc., is still in charge of the work of 
this new province. Dr. M. Cohen has been trans- 
ferred from Manchester to take charge of the North- 
ern Province. The headquarters for the Eastern 
Province have moved from Cambridge University, 
but are near Cambridge, Dr. H. C. Gough, lately 
assistant to Mr. H. W. Thompson, now being re- 
sponsible for the entomological work. 

The remaining entomologists continue in the 
provinces in which they worked under the old 
service. In some cases considerable territorial addi- 
tions have been made. The addresses of the ento- 
mologists are as follows: 

Northern Province—M. Cohen, M.Sc., Ph.D., 
Elswick Hall, Elswick Park, Newcastle-on-Tyne. 

Yorks. & Lancs. Province—H. W. Thompson, 
M.Sc. Quarry Dene, Weetwood Lane, Leeds, 6. 

East Midland Province—A. Roebuck, N.D.A., 
Shardlow Hall, Shardlow, near Derby. 

West Midland Province—H. C. F. Newton, B.Sc., 
A.R.C.S., ““Woodthorne,’”” Wergs Road, Tettenhall, 
nr. Wolverhampton, Staffordshire. 

Eastern Province—H. C. Gough, Ph.D., Anstey 
Hall, Trumpington, Cambridge. 

South Eastern Province—W. FE. H. Hodson, 
A.R.C.S., D.I.C., Chiltern Court, St. Peter’s Ave., 
Caversham, Reading, Berkshire. 

South Western Provincee—L. N.  Staniland, 
A.R.C.S., D.LC., Bracken Hill, Leigh Woods, 
Bristol, 8. 

This address will change probably within a year 
to: Crete Hill, Westbury-on-Trym, Bristol. 

Welsh Province—J. R. W. Jenkins, M.Sc., Cross- 
wood, near Aberystwyth, Wales. 

L. N. Sranizanp, A.R.CS., D.L.C., 
National Agricultural Advisory Service, 
South Western Province, 

Bristol, England. 
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REPORT OF THE COMMITTEE ON INSECTI- 
CIDE ‘TERMINOLOGY 

During 1948, your Committee has given further 
consideration to the proposal and establishment of 
common names for insecticides that are known only 
by long, unwieldy chemical designations or by trade- 
marked names. These activities have been con- 
cerned chiefly with policies and procedures in the 
naming of such insecticides and with the kinds of 
names that are suitable for them. Some progress has 
been made in the selection of names for four insecti- 
cides. 

At least four governmental agencies and as many 
non-governmental agencies, including this Associa- 
tion, have an interest in common names of insecti- 
cides. In addition, each industry is interested in any 
name that may be established for one of its prod- 
ucts. Of the governmental agencies, the Interdepart- 
mental Committee on Pest Control of the U. S. De- 
partment of Agriculture has taken the lead in getting 
approval of common names of insecticides from in- 
terested agencies and industrial groups. 

A consideration of these activities shows that the 
naming of an insecticide is at present a complicated 
process, involving extended correspondence with 
many persons. No single agency has been estab- 
lished which can approve common names of insecti- 
cides for general public use. Early this year, the In- 
terdepartmental Committee on Pest Control met 
with representatives of various agencies in Chicago 
to review various questions, and work out proce- 
dures that might be followed in selecting and estab- 
lishing common names for pest-control chemicals. 
Dr. H. L. Haller represented your Committee at this 
meeting. After a thorough-going discussion various 
proposals were made looking toward unification and 
concentration of effort. The entire matter is still un- 
der consideration. 

Your Committee has given its approval of a name 
for an important new insecticide which has been un- 
der consideration by the Interdepartmental Com- 
mittee for some months. Further work must be done 
by this Committee before the name is ready for of- 
ficial approval. 

Consideration was also given to the proposal of 
names for three established insecticides of known 
chemical structure. Progress has been made in Com- 
mittee, but names are not yet ready for considera- 
tion by other agencies. 

Your Committee recommends continuing coopera- 
tion with other associations and agencies in the mat- 
ter of establishing common names for insecticides. 


GLENN F, CARMAN H. L. Hatter 
J.R. Eyer H. H. SHeparp 
C. H. Ricuarpson, Chairman 


REPORT OF THE SECTION OF 
APICULTURE 


The Section of Apiculture met in Parlor A., New 
Yorker Hotel at 1:30 December 13, 1948. In the 
absence of the Chairman Dr. E. J. Dyce who was 
attending an apicultural meeting in St. Louis, Dr. 
E. F. Phillips presided and read the Chairman’s 
address. In addition to this, five papers were pre- 
sented, Of these, four were concerned with the sub- 
ject of bee poisoning which proved to be the focus 
of much interesting discussion. 

In the business session a motion was made, sec- 
onded and passed that the address of Chairman 
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Dyce be mimeographed and distributed to inter- 
ested parties, particularly to experiment station di- 
rectors, to extension entomologists and to beekeep- 
ers’ associations; Dr. Dyce to be consulted regard- 
ing the advisability of recasting the paper to suit 
the various audiences. 

The nominating committee presented and the vot- 
ing members elected for Chairman and Secretary, 
respectively, 

Everett OrrTEL and W. A, Price 

Fifty-five persons attended the meeting, which was 
in continuous session until 5 p.m. when it was ad- 


journed. 
W. A. Price 
Secretary 


Tue Tuomas J. HEADLEE FELLOW- 
sHip REPORT 


The Thomas J. Headlee Research Fellowship Ad- 
visory Council held in its third annual meeting at 
Rutgers University on December 17, 1948. Mr. 
Franklin C. Nelson of Roselle, New Jersey was re- 
elected chairman of the council. Mr. Nelson, repre- 
senting the Standard Oil Company of New Jersey, 
is one of 25 representatives of commercial and in- 
dustrial organizations contributing to the support 
of the fellowship fund. Other industrial organiza- 
tions contributing to the support of this fellowship 
are: American Cyanamid Company, Carbide and 
Carbon Chemicals Corporation, Chipman Chemical 
Company, Dow Chemical Company, Goulard & 
Olena, Cooperative GLF Exchange, Inc., Gulf Re- 
search and Development Company, Hercules 
Powder Company, Inc., H. D. Hudson Manu- 
facturing Company, Koppers Company, Inc., P. E. 
Lirio, McCormick & Co., Inc., Merck & Co., Inc., 
Miller Chemical and Fertilizer Corporation, New 
Jersey Mosquito Extermination Association, New 
Jersey Pest Control Association, Inc., Niagara 
Sprayer & Chemical Co., Inc., John Powell & Co., 
Inc., R. J. Prentiss & Co., Quality Lime Institute, 
Rohm & Haas Co., Seacoast Laboratories, Inc., 
Texas Gulf Sulphur Co., Inc. and Tobacco By- 
Products & Chemical Corporation. 

The fellowship, established in 1944 to honor the 
late Dr. Thomas J. Headlee, for many years head of 
the Rutgers University Department of Entomology, 
is dedicated to the advancement of fundamental re- 
search in entomology. First holder of the fellowship 
was Mr. John P. Reed, University of Maine gradu- 
ate, who resigned last February to accept a full-time 
position with the Rutgers Entomology Department. 
Mr. Reed was succeeded by Mr. A. J. Forgash, a 
graduate in Chemistry from Rutgers. 

Mr. Forgash and Mr. Reed reported to the council 
on progress made since the last meeting in Decem- 
ber, 1947. The problem under investigation is the 
role of glutathione as an inactivator of certain in- 
secticides introduced into the insect’s body. 





Dr. Henry H. Richardson of the Bureau of Ento- 
mology and Plant Quarantine, located at Hoboken, 
N. J., was detailed to Argentina for several months 
beginning in January. His duties will be to organize 
the facilities and procedures for treating grapes and 
deciduous fruits originating in areas quarantined be- 
cause of the Mediterranean and other fruit flies, to 
permit entry of such fruit into the United States. 
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THE TWENTIETH ANNUAL MEETING 


EASTERN BRANCH, AMERICAN ASSOCIATION OF ECONOMIC 
ENTOMOLOGISTS 


Hotel New Yorker, New York City 
November 18 and 19, 1948 


The Twentieth Annual Meeting of the Eastern 
Branch, A.A.E.E. began at 10:00 a.m. November 
18, in the Hotel New Yorker, New York City. Mr. 
C. M. Packard, Chairman, presided over the two 
day session, assisted by Mr. Frank C. Nelson, Vice- 
Chairman. A total of forty papers were read and 
discussed during the two days. 

At the short business session at noon, November 
18, Chairman Packard appointed the following 
committees: 

Nomination: C, Granam, Paut MAyYFIeE.p, S. A. 
Rouwer, Chairman 

Auditing: M. D. Farrar, G. T. FrENcu 

Resolutions: H. M. Steiner, H. G. 
+. E. R. Hervey 

Awards: ROBERT 
Cox, Chairman 

The Secretary-Treasurer made the following re- 
port, which was referred to the Auditing Committee. 


WALKER, 


T. W. Resp, J. A. 


A. Futon, 


REPORT OF THE SECRETARY- 
TREASURER 


Notices of the Twentieth Annual Meeting to be 
held in New York on November 18 and 19, 1948, 
were sent to approximately 750 members of the 
American Association of Economic Entomologists 
residing in the eastern branch territory. A total of 
forty paper titles were received which enabled the 
Secretary to arrange a two day program without 
limiting the time requested by each speaker. Dues 
paying members for 1947-48 totalled 235. 

The ninth annual award for the outstanding paper 
presented at the 1947 meeting went to Professors 
E. H. Smith and G. W. Pearce for their ioint paper: 
“The Mode of Action of Petroleum Oils as Ovicides”’ 
which was the first paper published in the April, 
1948 issue of the JouRNAL or Economic ENTOMOL- 
OGY. 

\ ~ . S oe n 7 . aa 
FINANCIAL STATEMENT 
Balance on hand, November 15, 1957............ @ § 
Receipts 

Dues for 1947-1948—November 1947 

Meeting & 294.00 

Dues for 1948-1949... .... 158.00 

Re a ipts from Entoma 8,000.00 

otal Receipts. . $8,452.00 $11,697.20 
Disbursements 





Benjamin- Franklin Hotel (Sound 
Equipment) ' $ 30.00 
Williams, Brown & Earle Inc. (Pro- 
jection Equipment) 40.00 
Payment to Secretary- Treasurer 1948 200.00 
Payment to Editor 1948. . 50000 
Mrs. R. L. Busbey, Entoma Services 100.00 
( Jerical Services 
Eastern Branch. 59.30 
Entoma 92.98 
Postage and Stamped Envelopes 
Eastern Branch. . ‘ 43.77 
Entoma 685.00 
Expenses of Secretary 1947 
meeting pt Dee: $27.81 
9/8 N. Y. meeting.... 4.64 
11/5 Phila. meeting... 5.45 37.90 
Entoma Committee Meeting Expenses 
—C. C. Hamilton. . Te ols 14.12 
fe OS ee 11.22 





174 


RO A 150.00 
Duplicate Payment of advertisement. 60.00 
Duplicate Payment of Dues......... 12.00 
Printer 
Restern Bramch................. 47.09 
Ei aie RLS aR pee 5,125.65 





Total Disbursements... . . 
Balance on hand, November 15, 1948. 
Distributed as follows: 


. 8 4,488.17 





Checking Account, the Union Na- 

tional Bank — Puan C ompany, 

Mount Holly, “eyaete .. $4,513.21 
Less outstanding “A. sis 

11/8 C. C. Hamilton... $14.12 

11/12 Wm. M. Boyd... 11.22 

11/15 E. B. Fagan... 33.70 59. 0% 

$4, $54.17 17 

Cash on hand in office........... 34.00 


$ 4,488.17 
Byruey F. Driccers 
Secretary-Treasurer 


At the final business session on Friday, November 
19, 1948, the following committee reports were re- 
ceived, discussed and voted that they be accepted. 


REPORT OF THE AUDITING 
COMMITTEE 


November 17, 1948 


1 We have examined the records of the Secre- 
tary-Treasurer for the Eastern Branch of the 
American Association of Economic Entomologists 
and found them correct. 

2. We have examined the records of the Editor 
of Entoma and have found his records to be cor- 
rect. 

3. That the Secretary-Treasurer be instructed to 
discard from his files such old records as corre- 
spondence, cancelled checks and receipts that no 
longer are of value to the business of the Eastern 
Branch of the American Association of Economic 
Entomologists. The limit for keeping these records 
shall be three years. This rule shall also apply to 
those records maintained by the Editor of En- 
toma, 

Recommended by Auditing Committee 
M. D. Farrar 
G. T. Frencu 


REPORT OF THE RESOLUTIONS 
COMMITTEE 


1. Whereas the deaths of Hugh Glasgow, S. W. 
Harman, C. W. Collins and L. W. Brannon have 
left us with deep feelings of loss—Be it Resolved: 
that we express, through our Secretary, our regrets 
and sympathies to the families of these members. 

Whereas we recognize our broader responsibili- 
ties as suggested by the Resolutions Committee of 
the parent Association in 1947 and restated by S. A. 
Rohwer at this meeting—Be it Resolved that we 
guard against the danger that preliminary reports 
on experimental remedies and devices reported by 
members to facilitate the researches of others may 
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be given to the public as recommendations until 
these are proven safe to agriculture, man, fish, 
wildlife and the user and do not present hazards 
from residues resulting from their use. 

3. Whereas, an improvement in illustrative ma- 
terial used in presenting papers has been noted but 
there is still a tendency by some members to crowd 
too much material on one slide—Be it Resolved, 
that no more data be presented on each slide than 
can be seen clearly from all parts of the meeting 
room. 

t. Whereas, our accommodations at this meeting 
have been well provided Be it Resolved, that we 
express our appreciation to the Committee on Local 
Arrangements and to the Hotel New Yorker for 
these excellent accommodations. 

5. Whereas, the Review of Applied Entomology 
is and has been a highly useful publication to ento- 
mologists—Be it Resolved, that a Committee be 
appointed to study ways and means of showing our 
appreciation to publishers of this worthy publica- 
tion during these difficult times. 

Harouip M. STEINER 
G. E. R. Hervey 
Harry G. WALKER 


REPORT OF THE SPECIAL COMMITTEE 
ON THE ANNUAL AWARD 


November 19, 1948 


It is the opinion of this committee, and of many 
members of the Eastern Branch that the Annual 
Award no longer serves its intended purpose. 

It is therefore recommended that the Annual 
Award be discontinued after the 1948 meeting. 

H. H. Scuwarpt 
W. E. FLemine 
H. G. Guy 


REPORT OF THE EpIToRIAL Com- 


MITTEE OF Entoma 


At the meeting of the Eastern Branch Section, 
American Association of Economic Entomologist, 
November 20, 1947, there was considerable dis- 
cussion regarding the publication of Entoma and 
the finances of the Eastern Branch. Following this 
discussion, a motion was made and passed, as re- 
ported on page 343 of the Eastern Branch Proceed- 
ings, April issue of the JourNAL or Economic En- 
TOMOLOGY, 1948: 

That the Committee on Entoma study the ques- 
tion of the handling of the finances of Entoma and 
the finances of the Association and report at the 
next meeting.” 

The Committee has had considerable correspond- 
ence relative to the duties imposed upon it by the 
Chairman of the Eastern Branch and met in Balti- 
more November 8, 1948. The following is the report 
of this Committee: 

The Committee recommends: 

1. That the Eastern Branch proceed with the 
publication of the 8th edition of Entoma. 

2. That Dr. George S. Langford serve as Editor 
of the eighth edition. 
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3. That for each edition of Entoma the Editor be 
paid $500.00 plus a commission of 5 per cent of the 
gross income for his services. This commission not to 
include normal expenses such as clerical help, 
postage, printing and other items normally involved 
in the assembling, publication and distribution of 
Entoma. 

4. That the sale price of Entoma be increased to 
$1.50 post paid. 

5. That $3000.00 now in the Treasury of the 
Eastern Branch be set aside as a fund which can be 
called upon by the Editor of Entoma to initiate the 
publication of the eighth edition. 

6. That the present Executive Committee and 
the incoming Vice-Chairman confer with the Execu- 
tive Committee of the A.A.E.E. with respect to 
transferring the publication of Entoma to the 
A.A.E.E. in accordance with the report of the 
“Special Committee on Entoma” presented at the 
14th Annual Meeting of the Eastern Branch held in 
1942 (Proceedings of the Eastern Branch, JourNnau 
or Economic Entomo.oey, Volume 36, April, 1943, 
pages 363-364). 

7. That, since the other branches of the American 
Association of Economic Entomology, do not pay 
for publication in the JourRNAL or Economic Ento- 
MOLOGY, of papers presented at their annual meet- 
ings, the present Executive Committee of the East- 
ern Branch and including the new Vice-Chairman 
confer with the Executive Committee of the A.A.E.E. 
to arrange for publication without cost of papers 
presented at the Annual Meeting of the Eastern 
Branch. 

8. That a registration fee of $2.00 be collected 
from each person attending the annual meetings 
who has not already paid his dues of $2.00. 

GerorGE S. LANGrorpD 

J. L. Horsraun 

R. C. Roark 

H. B. Weiss 

M. P. Jones 

R. L. Bussey 

C. V. Bowren 

Wa. Boyp 

H. H. Sueparp 

C. C. Hamiitton, Chairman 


Upon invitation of Chairman Packard, Dr. S. A. 
Rohwer, of the Bureau of Entomology and Plant 
Quarantine and President of the American Associ- 
ation of Economic Entomologists for the current 
meeting, made a brief talk in which he extended the 
greetings of the Association and his own personal 
good wishes. 


Report OF NOMINATING COMMITTEE 


Your committee proposes the following names as 
officers of the Eastern Branch of the American 
Association of Economic Entomologists for the 
coming year. 

For Chairman: Frank C. NELSON 

For Vice-Chairman: Epw1n GovuLp 

C, GRAHAM 
P. MAYFIELD 
S. A. Ronwer, Chairman 
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Adams, J. A. 
Aldrich, W. W, 
Alexander, C. C. 
Arnold, R. B. 
Asquith, Dean 
Avens, Alfred W. 


Badertscher, A. Edison 
Barber, George B. 
Barthel, W. F. 
Bashour, J. T. 
Beacher, John H. 
Beard, R. L. 
Benjamin, Hugh H. 
Berry, Robert C. 
Bixby, A. F. 
Blauvelt, W. E. 
Bobb, M. L. 

Boyd, Wm. M. 
Brandes, Gordon A. 
Brett, R. L. 
Bromley, 5. W. 
Brooks, Robert 
Bryant, Clyde 
Buchholz, A. B. 
Buettner, Wm. O. 
Burch, Ernest 
Bussart, J. Everett 
Butler, George 


Campbell, F. L. 
Camson, E. J. 
Cappy, Frank H. 
Carruth, L. A. 
Clark, Elton 
Cohill, Roger W. 
Collins, D. L. 
Compton, C. C. 
Conklin, J. G. 
Cowan, E. K. 
Craig, F. W. 
Crissman, Wm. 


Darley, M. M. 
Dean, R. W. 
DeLong, D. M. 
Deuber, C. G. 
Dickinson, B. C, 
Dietz, Harry F. 
Dohanian, 8. M. 
Domick, C. B. 
Donohoe, H. C. 
Dorland, Wayne E. 
Dotz, Alfred E. 


Earle, Hilton, Jr. 


New JERSEY Mosquito EXTERMINATION ASSOCIATION 
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NOVEMBER 18 AND 19, 1948 


Eastman, P. M. 
Echols, H. A. 


Farley, Arthur J. 
Farr, Thomas H. 
Farrar, M. D. 
Fassig, W. W. 
Ferguson, G. R. 
Fischer, C. D. 
Fletcher, Fred 
French, G. T. 
Friend, R. B. 
Fulton, R. A. 


Gambrell, F. L. 
Gemmell, Louis G. 
Gesell, S. G. 
Gillan, R. J. 
Ginsburg, J. M. 
Glasgow, A. D. 
Glass, E. H. 
Gleissner, Bruce 
Gould, Edwin 
Graham, C. 
Granett, Philip 


Grayson, James McD. 
Greenwald, Margaret 


Guengerich, H. W. 
Guy, H. G. 
Guyton, T. L. 


Haas, C. Y. 
Hadley, C. H. 
Hahn, Peter 


Hamilton, C. C. 


Hamilton, Donald W. 


Hammer, O. H. 
Hansens, Elton J. 
Harris, C. 8. 
Hartley, R. O. 
Hastings, A. R. 
Haude, W. J. 
Heal, Ralph 
Hervey, G. E. R. 
Hill, Clarence H. 
Hoeffler, J. H. 
Hoegberg, Erich 
Hofmaster, R. N. 
Horn, Meriam B. 
Horsfall, J. L. 
Hovey, Chas. L. 
Howe, Wayne L. 


James, W. S. 
Jennings, C. C. 
Jobbins, D. M. 


Jones, M. P. 
Kisliuk, Max 


LaForge, B. A. 
Langford, George 
LaPlante, Albert 
Larson, N. P. 
Lathrop, F. H. 
Leiby, R. W. 
Leonard, M. D. 
Lewis, C. M. 
Long, John C. 
Lutan, I. H. 


MacCreary, Donald 
Mahoney, C. H. 
Mail, G. Allen 
Majure, W. J. 
Malcoln, D. M. 
Manzelli, M. A. 
Marucci, Philip Edward 
Maughan, F. B. 
McDonald, Norman 
Melvin, Roy 

Miller, A. C. 
Moore, Warren 
Mort, D. W. 
Mundinger, F. G. 


Nelson, F. C. 


Nelson, James A. 


Packard, C. M. 
Parker, L. B. 
Parr, Thaddeus 
Pass, Herbert A. 
Payne, Nellie M. 
Pearce, G. W. 
Pechuman, L. L. 
Pepper, B. B. 
Pepper, J. O. 
Peterson, P. D. 
Pierce, Henry F. 
Pierpont, R. L. 
Poland, J. Lloyd 
Porter, R. P. 
Potts, S. F. 
Pyenson, Louis 


Razim, W. Wendell 
Rech, R. W. 

Reed, T. W. 

Rex, E. G. 
Riedeburg, T. 
Roark, R. C. 





The 1949 meeting of the New Jersey Mosquito 
Extermination Association was held on March 23, 
24 and 25 at Atlantic City, New Jersey, in the 


Hotel Haddon Hall. 
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Roder, E. V. 
Roger, George H. 
Rohwer, S. W. 
Roth, Roger W. , 
Rutschky, Charles i 






Sacktor, Bertram _ 
Sanders, J. G. ; 
Schmitt, J. B. 
Schoen, W. J. 
Schwardt, H. H. 
Seaver, Henry B. 
Sesson, H. A., Jr. 
Sharp, S. S. 
Sherman, Martin 
Simches, George 
Singleton, J. N. 
Smith, Edward, H. 
Smith, Thomas L. 
Soraci, F. A. 
Starr, Donald F. 
Steiner, Harold M. 
Stoddard, J. R. 
Stokes, R. L. 





Tafuro, A. J. 
Taschenberg, E. F. 
Thompson, B. T. 
Thompson, Friar 
Toffaleti, James 
Tomlinson, W. E., Jr. 
Torrey, J. W. 

Tracy, Ralph L. 
Turner, Neely 


Van Winkle, Dixon 
Vinzant, J. P. 


Walker, Harry G. 
Wallace, Philip 
Wallace, Robert T. 
Wean, Robert E. 
Weed, Alfred 
West, Harry 
Westcott, Cynthia 
Wheeler, Ellsworth H. 
Wilcoxon, Frank 
Wood, G. C. 
Woodbury, E. N. 
Woodruff, Nancy 
Woodside, A. M. 
Worthley, H. N. 


Zappe, M. P. 
Zimmerman, William E. 


Zukel, J. W. 
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PROCEEDINGS OF THE SIXTIETH ANNUAL MEETING 
AMERICAN ASSOCIATION OF EcONoMIC ENTOMOLOGISTS 
The Hotel New Yorker, December 13, 14 15 and 16, 1948 


PRELIMINARY BusINEss SESSION, 
DECEMBER 13 


President Rohwer announced the chairmen of 
the several paper reading sessions as follows: Insect 
affecting Forests, Ornamentals, etc., W. J. O'Neill; 
Cereal and Forage Crops, J. N. Roney; Fruits, 
F. C. Nelson; Insecticide Section, C. S. Harris; 
Vegetable, H. M. Harris; Miscellaneous Insects, 
J. T. Creighton. He served notice with regard to the 
time limitations and then briefly discussed the re- 
plies to his letter asking for suggestions or criticisms. 

Throughout the year I have received 900 letters. 
Obviously, it has been impossible for me to ac- 
knowledge them all. I started out with the idea of 
acknowledgment in a formal way; a few more gota 
long-hand postcard; most of you didn’t get any- 
thing. But I want you to know I appreciate them; 
it has helped me very much to learn what the people 
of the Association thought about the Association. 
If things have been done during the year that have 
been constructive, part of it stems from the en- 
thusiastic response to that invitation. 

In accordance with the requirements of the rules 
of the Association, I have attended each of the 
branch meetings. I had the privilege also to attend 
the meeting of the Ontario Entomological Society 
which was held jointly with the Entomological 
Society of Montreal, so I have had an opportunity 
to send the greetings of this Association to our 
branches and to our associates in the North. 

Early last year I conceived the brainstorm that it 
would be nice to get together with the Phytopathol- 
ogists, at least in a joint session. The Phytopatholo- 
gists tried to arrange meetings in New York to 
coincide with ours. Hotel conditions made that im- 
possible. They have, however, modified their or- 
ganizational structure so that it is possible for them 
to plan a little bit in advance and they hope to meet 
with us when we meet in 1951 in the central area of 
the United States. 

It is customary for the chairman to appoint a 
Resolutions Committee. I have appointed the fol- 
lowing committee: 

J. N. Roney J. L. Horsrauu 
W. V. Kine W. N. Keenan 
Geo. C, Decker, Chairman 


If any member has any recommendation that he 
would like to present before the Resolutions Com- 
mittee he should do so as soon as convenient. 

During the year your President has taken certain 
action which he wishes to report to you. I appointed 
Mr. O. A. Hills to represent the Association at the 
installation of the President of the University of 
Arizona. 

At the Chicago Meeting we appointed as dele- 
gates to the International Congress of Tropical 
Medicine and Malaria, Robert Matheson, W. B. 
Herms, KE. N. Cory; and by direction your President 
represented the Association at that meeting. 

You will recall that at the Chicago meeting we 
appointed as representative of the Association to 
the Thirteenth International Congress of Zoology 
which was held in Paris in July, Z. P. Metcalf and 


W. P. Hayes. I appointed as an additional delegate, 
E. N. Cory. 

We appointed J. C. Bradley and Robert Usinger 
to attend the eighth International Congress of 
Entomology. In addition to those two, I appointed 
P. N. Annand and E. N. Cory, and designated Cory 
as chairman of our group. 

In this connection I would like to advise you that 
we cooperated with the Entomological Society of 
America and extended an invitation to the Congress 
to meet the next time in the United States. It had 
made previous commitments and the next Congress 
meets in Amsterdam, Holland. We received a very 
appropriate and appreciative letter of declination. 

Karly in April the Surgeon General of the Army 
invited the Association to be represented at a con- 
ference to consider matters relating to sciences in 
the Medical Service Corps of the Army. Cory and I 
attended the two-day meetings. The other society 
was also represented by two delegates. As an out- 
growth of the discussion of those two days there was 
appointed a committee of five to make a report. It is 
significant that our Association was recognized in 
that E. N. Cory is on that committee. He advises us 
that the committee has . prepared and submitted a 
report whichis now being considered by the Surgeon 
General, and which may later be made public. 

At the Centennial of the AAAS your councilor, 
B. B. Pepper, was present and IJ also registered on 
behalf of the Association. 

The National Cotton Council invited the Asso- 
ciation to send a representative to the meeting re- 
cently held in Atlanta. Charles Alden was desig- 
nated as that representative and attended the 
sessions. 

At the Chicago meeting we gave consideration to 
the American Institute of Biological Sciences. You 
will recall that the action at that meeting was that 
we would not at this time affiliate. Subsequently the 
officers of that organization invited us to have an 
observer at their meetings. I appointed B. A. Porter 
and he has prepared a short statement. 

Food and Agricultural Organization in the United 
Nations have been meeting in the United States this 
fall. They invited the Association to send an ob- 
server. I appointed S. B. Fracker, who will report on 
the meeting. 


Report OF DELEGATE TO FAO 


At the request of President Rohwer and in re- 
sponse to an invitation from FAO, the undersigned 
represented the American Association of Economic 
Entomologists, as an observer, at the Fourth Annual 
Session of the Food and Agriculture Organization of 
the United Nations held at Washington on No- 
vember 15 to 29, 1949. Several of the actions taken by 
the conference were of interest to entomologists. 

FAO has a permanent secretariat consisting of an 
administrative and technical staff covering most 
agricultural fields. The Organization works through 
national governments and does not undertake inde- 
pendent research. Stephen C. Easter (formerly in 
white-fringed beetle research in the U. S. Depart- 
ment of Agriculture) is in charge of the entomo- 
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logical activities of the FAO. Work in progress and 
proposed for 1949 in the field of insect control may 
be outlined as follows: 

Locust Control. FAO is working with several in- 
ternational organizations in grasshopper control. 
The Near East is especially interested in this prob- 
lem, and a conference on desert and Moroccan lo- 
custs, sponsored by FAO, is expected to be held in 
the near future. It was postponed from the summer 
of 1948 due to military developments in the area. 
Two international organizations are actively en- 
gaged in eradicating grasshoppers in African plant- 
ing areas; one just north of the equator, and the 
other in Northern Rhodesia. 

A Latin American conference on grasshoppers is 
also scheduled for The Conference adopted a resolu- 
tion urging international cooperation in such pest 
control measures, especially by loaning each other 
equipment and by removing obstacles, such as cus- 
tom formalities, that might impede the exchange 
of such equipment between adjoining countries. 

Infestation in Stored Products. Efforts are being 
made to induce FAO countries to organize effective 
methods of infestation control. The U. S. has par- 
ticipated in two conferences of experts on this sub- 
ject, one in the U.S. and one in London. A confer- 
ence intended to stimulate the adoption of measures 
recommended by the experts was held in Florence, 
Italy, in September 1948, and another is planned for 
Latin America, to be convened in Palmira, Colom- 
bia, in February 1949. This is expected to be fol- 
lowed by a short course for training Latin American 
technicians in the control of stored-product pests. 

The Far Eastern group of countries represented 
at the Annual Conference was also impressed by the 
lack of proper storage facilities in Asia for produce at 
all stages from the farm to the consumer and the 
heavy losses that were resulting from infestation. 
Governmental action to aid in reducing these losses 
was recommended by the Conference. 

Tsetse Flies. The African delegates reported that in 
vast areas stock farming is practically impossible be- 
cause of tsetse flies and rinderpest. An international 
organization, with headquarters at Brazzaville- 
Leopoldville, is engaged in the fight against the 
tsetse fly. 

Pesticide labeling. The FAO plans an effort to ob- 
tain agreement on assaying and labelling pesticides. 
This will encounter some difficulties owing to the 
legal requirements within various countries, but a 
movement in this direction would be helpful. 

Plant quarantines. A questionable project pro- 
posed by FAO is a “‘study to achieve greater uni- 
formity in plant quarantine regulations.”’ It is im- 
probable that uniformity can be achieved in this field 
owing to the wide diversity in crop pests and climatic 
conditions in different parts of the world. It is be- 
lieved, however, that international consideration to 
the most effective methods of preventing the dis- 
semination of crop pests would be valuable. This 
would involve not only a study of quarantine restric- 
tions as such, but also the development of measures 
for the disinfestation of agricultural products that 
might have been exposed to pest attack. 

Pest reporting. A new proposal of interest to this 
Association is one initiated in South America under 
which FAO would consider how an international 
plan for promptly reporting outbreaks of plant and 
animal pests and diseases could be worked out. This 
survey of the possible approaches to the problem is 
to be made during 1949, and FAO is expected to re- 
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port at the 1950 conference on the practicability of 
improving the international exchange of information 
of this kind. Such a plan of international reporting 
on the pest situation will be very helpful in many 
ways if it can be set in operation. 

Entomological Advice. During the past year the 
Polish government asked for and obtained the sery- 
ices of several agricultural specialists. Among them 
an entomologist was sent by FAO to advise them on 
the control of the Colorado potato beetle. 

At the request of the Chinese government, an 
entomologist and other specialists were sent by FAO 
to supply information of spraying and dusting 
machinery, insecticide manufacture, and the train- 
ing of workers in insect and plant disease control. 

FAO proposed the publication of practical pest- 
control handbooks for field workers and a bulletin 
on the chemical control of weeds. There are diffi- 
culties in carrying out the preparation of these pub- 
lications owing to entomological and ecological dif- 
ferences in various parts of the world, and may bet- 
ter be left individual governments. 

STANLEY B. Fracker 


REPORT OF THE SECRETARY- TREASURER 


The total membership of the Association is 2172. 
There are additional applications pending that will 
probably bring the total to approximately 2200. 
There have been 30 resignations, 14 deaths and 134 
applications approved leaving a net increment of 96 
up to December 10, 1948 

Publication costs have increased approximately 
45 per cent since 1945. In that year the per page cost 
was $8.20 based on a total cost of $6,828.37 for print- 
ing, engraving and mailing. In 1946 the cost was 
$9.25 per page based on similar costs of $8,833.98. 
In 1947 the cost went up to $12.04 per page based on 
costs of $13,048.83 without consideration of over- 
head. The first two issues of the current volume cost 
$12.70 per page. The last three numbers of the cur- 
rent volume will cost 12.5 per cent over the contract 
prices for the first three numbers. The Executive 
Committee has received and considered bids from 
two other printing companies, the lower of which, 
estimated on the make up of the April issue, is 
higher than the present printers cost at the advance 
of 12.5 per cent. ° 

The October page proofs have been mailed to the 
Editor and the December galley proofs were mailed 
on December 10. This indicates that we are catching 
up to the normal schedule. In consideration of this 
speed up and the favorable bid of the present print- 
ers, the Executive Committee decided to continue 
the present contract with the George Banta Publish- 
ing Company. 

Index VII is in the hands of the Murray Printing 
Company and delivery should begin about February 
15. This volume will cost the Association consider- 
ably more than previous volumes even though the 
contract is for photo-printing. The non-member 
price has been set at $7.00 per volume. 

The annual report of the Certified Public Ac- 
countant was then presented and various items ex- 
plained. In accord with the recommendation of the 
firm of accountants, major changes in the accounting 
system have been installed that we hope will make 
possible a better analysis of receipts. 

Acceptance of the appended report was moved by 
Annand; Seconded by Mote; Carried. 
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Tue REporT OF THE AUDITORS 


December 9, 1948 
Dr. S. A. Rohwer, President 
American Assn. of Economic Entomologists 
3103 Key Boulevard 
Arlington, Virginia 
Dear Dr. Rohwer: 

In accordance with your request of April 19, 1948, 
we have made an examination of the accounting 
records of the Secretary-Treasurer of the American 
Association of Economic Entomologists for the fiscal 
year ended November 30, 1948, and present here- 
with statements of receipts and disbursements of 
the General Fund, Permanent Fund and Special 
Journal Fund for the year, which we have prepared 
from the records. 


Our examination was made in accordance with 
generally accepted auditing standards, and included 
such tests of the accounting records and other 
auditing procedures as we considered necessary. 

In our opinion, the accompanying statements ac- 
curately reflect the recorded cash receipts and the 
authorized disbursements made for the benefit of the 
Association during the period. The balances of cash 
and securities at the beginning and at the end of 
the period were verified by us by actual count or 
were confirmed direct to us by the bank. 

Yours very truly, 

SMITH, PYLES & HERL 
Certified Public Accountants 

By Paul E. Pyles 





AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 


GeNERAL FunpD 
Statement of Receipts and Disbursements 
For the fiscal year ended Novemner 30, 1948 





























Total Journal Association Indices 
Receipts: 
PT eA ee er Ne ane ee $12,617.62 $12,617.62 
ATO 08 8 5h6 also 0b 5 teed wed wearkaa eae Aee eee 4 . 1,949.76 1,949.76 
ROMs oases cb ee UREN CAR OU CR Renee ee chee ERs RenE ease cute 1,077.06 1,077.06 
Back numbers and miscellaneous.......................2000-- 1,036.35 1,036.35 
Dee FRE s wets cae carss hike bd etme en dita ee $2,892.00 $2,410.00 $ 482.00 
scene sain hee 0.6 x bo RES Pa a A DOR lg x Be 1,633.00 1,224.75 408 .25 
Lo SE Os 198.00 148.50 49.50 
1946 and prior years. Pid ween dee abs 69.00 51.75 17.25 
4,792.00 $3 , 835.00 $ 957.00 
Sole of MA oe ora ie hte ne be nae aera ee eee eae 158.80 158.80 
litevediiaas Eee ss Sh ccde nts ean ; ‘ 50.00 50.00 
Federal income tax withheld but not yet oem. 58.60 58.60 
Fee for addressing envelopes. . . fe 24.50 24.50 
Total receipts............ $21,764.69 $16,680.79 $3 , 968.10 $1,115.80 
Disbursements: 
Printing and ne mailing costs............. pera one wistind $16, 206.02 $16 , 206.02 
Engraviinge. « . .d's's'ss'a\cin.y 0/4 vitae svlvins 26 sen ssh ese ee aaeter. er 775.33 775.33 
Salaries and wage = -stenographie ROS ES eee tener e 3,281.76 1,640.88 $1,640.88 
Honorarium— Editor, 1947 and 1948 og 1,200.00 1,200.00 
Honorarium—Business pepinens r and Sec retary -Treasurer 
—1947....... 2 ‘ Steet LO eKE whee et Veer 600.00 300 .00 300.00 
—1948...... ‘ peek ae 6 ae , 300.00 300.00 
Postage, stationery and office supplie: “ar sisted we oeteuaed | 1,084.41 542.20 542.21 
Travel expense RSW Seb ses LEN ae eh CEM EAS ess Metre Pe 110.15 110.15 
Meetings expense. . Pe ee ter 524.71 524.71 
Branch expenses reimbursed—Cotton States...................... 149.61 149.61 
—North Central States............ 39.03 39.03 
Accounting service. ; 135.00 67.50 67.50 
Registration fees of dele gates to meetings of other societies. . . 84.40 84.40 
Penalty and interest on withholding tax incurred in 1947 Ae : 58.93 58.93 
Donation—American Society of Naturalists.................. : 25.00 25.00 
Telephone waa DUAN Br. S, cata ds acdawas teu Shes 20.81 20.81 
Expenses of editing Index VIL... ......c.ccsccesccccees 15.15 15.15 
ROMUNGIEAE, i akg 5 bare cons css elt MRE REG Fala MOE Det ae meee 12.50 6.25 6,25 
Rent of safe deposit box... Cae 3 3 hee 7.20 7.20 
Refund of Federal Old Age Benefit Tax withheld i in 1947. 7.50 7.50 
Federal income tax withheld in 1947 (paid in 1948) 284.00 284.00 
Equipment. awiaicd 303.79 303.79 
Cash shortage arising at December 1947 meeting aes 13.00 13.00 


otal disbursements. .......... CGananeweccar 

Excess of receipts or aed igtewotea 
Transfer from Permanent Fund ; : 
Balance, November 30, 1947, per previous audit report... 
Balance, November 30, 1948.......... cube oe rename tevess 


Balance consists of: 








re $25,538.30 $21,341.97 $4, 181. 18 





(8 3,773.61) (% 4,661.18) (8% ‘213. 08) $1, 100.65 
4,000.00 4,000.00 
9,754.04 1,115.91 6, S01. 7 2,336.40 


“ 





pl 9,980.43 $ 454.73 $6, 088. 65 $3 , 437.05 


Cash in Prince Georges Bank & Trust Co. (checking acct.) ..... % 7,980.43 
U.S. Savings Bonds, Series G, 24% (at cost)................. 2,000.00 
7 9 ), 980. 43 
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AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 
Permanent Fund 


Statement of Receipts and Disbursements 
For the fiscal year ended November 30, 1948 


Balance, November 30, 1947.................... my) . Sr Pre Se .... $27,081.51 
Receipts: 
Interest on bonds (See Note) 26. 0555... 0000 b0........ 5 ie ae an te as $ 268.14 
PT tee ee ere 31.81 
Increment to redemption value of U.S. Savings Bonds, Series D. (added to 
ok SES a hae erase: oe - SUE... 2s Jb k Pies 400 .00 
Life memberships: 
Petr Ste OREN 2s. 0) Yash Vee OF et F. Ang ete otis NL 400 .00 
eS ee eae Cen ee bri bolle stereo pia, Bg 450.00 
1 , 549, 95 


$28, 63. 16 
Disbursements: 


Tranmer to General Fund... ..........cccccccosvccs et eta Le ent oe 4,000 .00 
Dames, Peavempet D0. TOSS... 6.clks cdcmnaGit, bide ensures wee ee ere Ste, etn $24,631.46 
Balance consists of: 

Securities: 

Face Book 
Amount Value 
$ 2,000 Province of Ontario 5% Debenture Bonds of 1959, at cost... . $2,000.00 
3,000 U.S. Treasury 27% Bonds of 1955-1960, at cost . 2,984.00 
10,000 U.S. Savings ‘Bonds, Series D, Due February 1, 1949, at curre ent re- 
IT MUNI aon nae fh Or oe ea vinatcienis CERT 9,800.00 
7,000 U.S. Savings Bonds, Series G, 2 10, “a é et 7,000.00 
$21, 784.00 
Cash in Prince Georges Bank & Trust Co. (savings account)...... PA BO Ne 2,847.46 





$24,631.46 


Note: In addition to the interest received shown above, there were on hand at November 30, 1948 ma- 
tured bond interest coupons in amount of $93.11. The value of these coupons is not included in the above 
statement. 

AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 
Special Journal Fund 


Statement of Receipts and Disbursements 
For the fiscal year ended November 30, 1948 


Balance, November 30, 1947. ers i APG ig ea tehee Pn ory ae abe .. $512.55 
Receipts: 
peta Se eee ca AS Anos RL ngage Yh aee ree ot en oe ee ee aye 5.05 


$517 .60 








Balance, November 30, 1948 
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February 1949 


REPORT OF THE EXECUTIVE COMMITTEE 
December 11, 1948 


This report was read in sections that related to 
several activities as they came under consideration 
in the order cf preliminary business. All items were 
approved so the report is presented herewith in its 
entirety and discussions of several items are ap- 
pended as reported by the stenographers after the 
respective committee reports. 

1. The report of the auditor was read and thor- 
oughly discussed. It was finally passed for presenta- 
tion to the Preliminary Business Meeting. The dis- 
cussion centered about the need for a budgeting of 
probable needs due primarily to tle fact that large 
expenditures will have to be made for the publica- 
tion of Indices. 

2. The Secretary was authorized to select the 
Certified Public Accountant with the approval of 
the President. The Secretary was instructed to give 
the auditor such instructions as may be necessary 
in negotiating the contract. 

3. It was recognized that dues and subscription 
are separate items. In preparing new application 
blanks for membership the dues are to be stated as 
$3.00 and the subscription as $3.50. An applicant 
may or may not subscribe to the JouRNAL. This is to 
take effect in the calendar year 1949. The non-mem- 
ber subscription rate was raised to $8.00 beginning 
the calendar year 1950. 

+. It was moved by Howard and seconded by 
Lyle, and carried, that we continue our contract 
with the George Banta Publishing Company 
through the year 1949. 

5. Considerable discussion ensued about the cost 
of Index VII. This Index is to be photoprinted and 
should be available for mailing about February 15. 
The price to non-members will be $7.00. 

6. The Secretary is authorized to ask the Associa- 
tion at the time the call of the next meeting is sent 
out for the use of whatever part of the Permanent 
Fund is necessary beyong current available funds to 
defray the cost of Indices 7 and 8. 

7. The incoming President is authorized to ap- 
point an editorial board not exceeding five in num- 
ber for Index 8, one member of which is to be listed 
as the author. 

8. It is recommended that the entire list of foreign 
members as published in the February 1948 JouRNAL 
be transferred to the active list with dues remitted. 
These members, with the exception of any who are 
now subscribers, are not to receive the JouRNAL. 
They will be eligible to subscribe to the JourNAL at 
the member rate. 

9. It is moved that the report of the Membership 
Committee nominating Dr. L. O. Howarp and Dr. 
Hersert Osoporn for honorary membership be ac- 
cepted and brought to a vote of the Association. 

10. The following members, in recognition of long 
and distinguished service in the Association, will be 
continued as active members with remission of dues: 
Trevor Kincarp, H. A. Morean, GeorcGe A. DEAN, 
W. B. Heras, H. J. Quayue, P. J. Parrort, and 
A. W. Morri.t. 

11. In publication of future lists, the only differ- 
entiation in the active list is to be an asterisk before 
the names of life members and two asterisks before 
names of honorary members. 

12. In order to clarify a’ situation with respect to 
the makeup of the Program Committee, the Execu- 
tive Committee instructs the Nominating Commit- 
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tee to add one member to the Program Committee 
for a three-year term and to designate a Chairman 
from the two hold-over members. 

13. In a discussion of a joint program committee 
with Secretary Ross, it was the consensus that the 
Executive Committee would welcome the appoint- 
ment by the Entomological Society of America of a 
Program Committee empowered to work with the 
Program Committee of this Association. 

14. The report of the Committee empowered to 
prepare a history of entomology in World War II 
was accepted and the continuation of the project 
authorized with the present two members of the 
committee to be continued. The expense incurred 
by the committee in an amount not to exceed $750.00 
was authorized. 

15. The letter from Dr. Paul DeBach in regard 
to the formation of a Section on Biological Control 
was read and discussed. Since no formal petition 
was presented as required by the Constitution action 
was deferred until such time as a formal petition 
may be presented. 

16. After a two day discussion of the place of 
scientists in the armed services with particular refer- 
ence to the Medical Service Corps, a committee of 
five was designated to summarize the proceedings 
and make recommendations to the Surgeon General. 
These recommendations are now in the hands of the 
Surgeon General. Until they have been officially re- 
leased through channels, no formal announcement 
with regard to them is possible. The meeting was at- 
tended by H. H. Ross and P. W. Oman representing 
the Entomological Society of America and §S. A. 
Rohwer and E. N. Cory representing this Associa- 
tion. E. N. Cory was designated as a member of the 
five-man committee. 

17. The request for a complimentary subscription 
for indexing in the Agricultural Index was denied. 


December 12, 1948 


18. Dr. John T. Creighton presented a compre- 
hensive survey of the hotels in the major cities in the 
southeastern area. Tampa was selected as the loca- 
tion of the 1949 meeting to be held December 13 to 
16 incl ‘sive. 

19. The incoming President was authorized to 
appoint an individual to make a survey of the hotel 
situation in the Inter-Mountain area and report as 
early as practicable in order that a decision may be 
reached by the Executive Committee on the exact 
time and location of the 1950 meeting. 

20. The Executive Committee of the Eastern 
Branch, consisting of Nelson, Gould and Packard, 
discussed the matter of paid publication of the 
Eastern Branch, the general status of Branches and 
the plans of the Eastern Branch for the publication 
of Entoma. 

The Committee recommends the discontinuance 
of all present or prior arrangements regarding the 
publication of Eastern Branch papers and payment 
therefor. It recommends that all Branches be placed 
on an equal footing with regard io publication. The 
Executive Committee expressed its willingness to 
accept full responsibility for the publication of En- 
toma subsequent to the eighth volume, if the Eastern 
Branch is willing to relinquish its right thereto and 
turn over Entoma to the Parent Association. 

21. The report of the special committee on Medi- 
cal Entomology consisting of A. D. Hess, Chairman, 
H. H. Stage, F. W. Whittemore, Jr., John D. De- 
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Coursey and M. A. Stewart was accepted, ordered 
published and the committee discharged with 
thanks. The Committee concluded that it was not 
desirable to appoint a standing committee on Medi- 
cal Entomology. . 

22. Messrs. Simmons and Reed presented a char- 
ter for the Section of Medical Entomology. This was 
slightly altered in verbiage and accepted. It is to be 
ratified by the Section and announced to the Parent 
Association. 

23. The Committee recommends: 

1. The discontinuance of the following standing 
committees with thanks for the efficient conduct of 
their work. These recommendations are based upon 
the belief that the need for the committees enumer- 
ated no longer exists, but the Committee wishes to 
stress the desirability of regional and special subject 
matter conferences: 

a. Committee on the Codling Moth , 

b. Popular Entomological Education 

c. Committee on Cooperation with Pest Control 

Operators 

d. Committee on Relation of Entomology to Con- 

servation 

e. Committee on Grasshopper Research 

24. The Committee recommends the discontinu- 
ance of affiliation with the Crop Protection Institute 
owing to pending changes in the governance of that 
Institute. 

25. Since the Union of Biological Societies was 
discontinued during this year, no representation of 
this Association is required. 

26. (1) Report of the Committee on Common 
Names was accepted. (2) Report of the Committee 
on Insecticide Terminology was accepted. (3) Re- 
port of the Committee on Codling Moth was ac- 
cepted and the committee discharged. (4) Report 
of the Committee on Grasshopper Research was ac- 
cepted and the committee discharged. 

27. The recommendation for the preparation of a 
business meeting agenda which shall preclude the 
consideration of any other business was not accepted 
due to the impracticability of the proposal. 

28. The limitation of symposia to two at the an- 
nual meeting with all the rest of the time devoted 
to paper reading sessions was not accepted. 


REPORT OF THE COMMITTEE ON Com- 
MON NAMES OF INSECTS 


During the year the Committee adopted common 
names for two insects not previously included in the 
official list of common names and changed the ap- 
proved name for one other insect. A report of this 
action was published in the February 1948 issue of 
the JournaL or Economic Entomo.oey (Vol. 41, 
No. 1, p. 47). A proposal that one of the names 
adopted during the year by the Committee be 
changed failed to receive the necessary approval of 
seven committee members. As of December 6, 1948, 
the Committee had on hand 60 proposals for addi- 
tions to the official list of common names, and 14 
proposals for changes in approved names. A study 
has been made of these proposals and, in a number 
of instances, sufficient information is at hand to war- 
rant an early vote by the committee members. 

Our attention has been directed to the fact that 
certain interested groups have gone on record as 
expressing dissatisfaction with the action taken by 
the Association at the annual meeting in Chicago 
last, whereby this Committee was authorized to 
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select and adopt common names for insects on behalf 
of the Association. The Committee is of the opinion 
that the change in procedure was highly desirable. 
Past experience has shown the former method of 
referring ballots to the entire membership of the 
Association to be unsatisfactory. Although members 
were cautioned not to vote for names in which they 
were not especially interested, enough of them did so 
to make the former procedure undesirable. Experi- 
ence during the year with the new procedure indi- 
cates, however, the desirability of providing the 
membership of the Association as a whole an oppor- 
tunity to register objection to any proposed com- 
mon name prior to its official adoption. The Com- 
mittee, therefore, proposes that the nine members 
continue to adopt a common name for any insect or 
group of insects upon agreement of at least seven 
members, but that at least thirty days prior to such 
action the entire membership of the Association be 
advised of each name being considered for adoption. 
Such notification might be accomplished by publish- 
ing a list of the proposals in the JouRNAL oF Eco- 
nomic Entomooey. It would then be the respon- 
sibility of the membership of the Association to 
advise the chairman of this Committee promptly in 
the event of an objection to any proposed name 
under consideration. 


H. M. Harris E. G. LinsLey 

F. W. Poos C. F. W. MvureseBeck 

C. E. PEMBERTON R. K. FLeEtcHEeR 

A. V. MitrcHENER ARCHIE N. Tissot 
G. J. Haguss.Ler, Chairman 


President Rohwer: I think that the Statement 
from the Executive Committee tells you some of the 
things of which we are thinking. I think that you as 
members of the Association may have some com- 
ments on it. Does anyone wish to comment on it in 
advance of the motion to approve or disapprove the 
recommendation? 

R. A. Parker: Does that mean that we are doing 
away with the exchange of research which is what 
the function of the Grasshopper Research Commit- 
tee used to be? 

Pres. Rohwer: No. We as the Executive Commit- 
tee feel that there are still ways to do it. We feel 
that these specialized committees and the benefits 
from those specialized committees can be imple- 
mented in another way. We either have to have more 
committees on special subjects like corn borer, 
aphids, tropical insects, cotton insects, or put our- 
selves on a basis of stream-lining somewhat the af- 
fairs of the Association. We feel there will be ade- 
quate opportunity for those types of procedures 
without the committees, and that our committees 
have to be too specialized and not all-inclusive. 

Mr. Parker: That answers my question, but I 
still think it is a rather sudden move to eliminate a 
committee which has been functioning for a number 
of years without consulting the members of the 
committee. I feel we have had need of the program 
in the past and I hate to see it suddenly terminated. 
But if it is the feeling of the Executive Committee 
that we can still carry this on as a group by our- 
selves, I'll say no more at this time. 

Pres. Rohwer: I don’t think, Bob, you will lose 
anything by this action, but I think the Association 
will gain. Any other comments? 

Mr. Glen, Canada: Our Canadian representative 
on the Grasshopper Research Committee is not 
present. I, therefore, take the liberty of speaking 
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spontaneously on his behalf. I would like to make 
this point: Could it be left to the committee to com- 
ment when possible on the recommendation that is 
before the house. In other words, if this is passed, 
could that be brought to the committee for their 
consideration. I would like to agree with Mr. Parker, 
that it isa rather sudden way to terminate the action 
of a committee which has been beneficial. 

Pres. Rohwer: Thank you. We have Standing 
Committees and they are elected by the Association. 
We regret there was no opportunity for consultation 
but we either would have to elect new members, new 
chairmen, for those committees and continue them, 
or take a rather drastic step. We felt that in the 
interest of uniformity, without the committee which 
specialized on one particular subject and neglected 
some other there would be adequate opportunity for 
those things to be handled that Dr. Parker referred 
to. There will be no reason why a group cannot 
present to the Resolutions Committee or at the 
business session, anything pertinent to a special 
subject. 

Mr. Glen: I take it then that the trend in general 
will be away from special committees. 

Pres. Rohwer: That’s right. Any other comments? 

Mr. L. M. Peairs: I think perhaps a little explana- 
tion of the reasons in the minds of some of the mem- 
bers of the Executive Committee for this action 
might be in order. I speak only for myself and am 
not endeavoring to speak for the members of the 
committee, but I think the Grasshopper Research 
Committee is one which might most nearly be justi- 
fied in having any objection to it in principle. For 
24 years, we have had, in a couple of States here in 
the East, a conference on fruit problems. That con- 
ference has included entomologists, pathologists, 
horticulturists, and they have had annual meetings. 
They discuss the problems, the overlapping prob- 
lems, and including horticultural problems. They do 
it in a manner that has proved very effective and 
satisfactory for that reason. I know that there are 
other regional conferences which work in much the 
same way and I believe that method of attack is 
more effective, more justified, than the continuing 
committees of the Association. In addition to that, 
we are increasing the number of our Sections. Pos- 
sibly the Codling Moth Committee found it difficult 
to harmonize the eastern conditions with the Pacific 
Northwest. A separate conference in the Pacific 
Northwest would probably accomplish more for that 
area than the over-all standing committee of the 
Association. It was things like that which made us 
favor abolishing the various committees. 

Dr. Frank Campbell: I had a little experience with 
the Popular Education Committee as editor of the 
Scientific Monthly. I wanted very much to help 
publicize the work of entomologists and I wanted 
one or more representatives appointed by this 
Association to provide a periodic short series of arti- 
cles on advances in economic entomology for the 
Scientific Monthly. I am sorry to say nothing hap- 
pened. I think that would have been an excellent 
function for the committee on Popular Entomologi- 
cal Education to provide me with the information 
desired and to do that same thing whenever oppor- 
tunities arose. But the Committee apparently has 
not been functioning well. Now I simply want to 
raise the question, ““What are we going to do about 
it?’ What arrangements can be made to replace that 
committee so that we will get good functions in 
Popular Entomological Education? I would like 
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Mr. Rohwer to comment on that particular thing. 
I think we need in this Association some one person 
or group of persons who would take that matter to 
heart and who will continually endeavor to spread 
the good word. Dr. Rohwer considers the entomolo- 
gists have been a little backward about advertising 
their wares. Let us do something about it. 

Pres. Rohwer: Thank you Dr. Campbell. We 
thought about that. Continuing committees become 
just what they always are. There are years and there 
are times when you can’t do very much. The job you 
referred to probably could be better pointed out 
through a special committee. We elect our commit- 
tees. There is not always the opportunity by our 
method of election to select those people who can do 
jobs of a special interest most effectively. There will 
be no reason why the Executive Committee cannot 
approve—or the President himself cannot announce 
the appointment of—special committees to do spe- 
cial jobs, and in do soing he will probably weigh care- 
fully the particular jobs in the particular selection. 

Pres. Rohwer: I would like to entertain a motion 
to see whether you agree or disagree with the action 
recommended by the Executive Committee. 

Motion was made by Harry Dietz, seconded by 
Clay Lyle; Motion carried without objection. 
Conclusion: 

Pres. Rohwer: The next business session will be 
the Report of Special Committees on Thursday at 
9 a.m. (December 16, 1948)— Final Business Session. 
Meeting adjourned at 12 noon. 


REPORT OF THE COMMITTEE ON INSFCTI- 
CIDE TERMINOLOGY 


During 1948, your Committee has given further 
consideration to the proposal and establishment of 
common names for insecticides that are known only 
by long, unwieldy chemical designations or by trade- 
marked names. These activities have been concerned 
chiefly with policies and procedures in the naming of 
such insecticides and with the kinds of names that 
are suitable for them. Some progress has been made 
in the selection of names for four insecticides. 

At least four governmental agencies and as many 
non-governmental agencies, including this Associa- 
tion, have an interest in common names of insecti- 
cides. In addition, each industry is interested in any 
name that may be established for one of its prod- 
ucts. Of the governmental agencies, the Interdepart- 
mental Committee on Pest Control has taken the 
lead in getting approval of common names of insecti- 
cides from interested agencies and industrial groups. 

A consideration of these activities shows that the 
naming of an insecticide is at present a complicated 
process, involving extended correspondence with 
many persons. No single agency has been established 
which can approve common names of insecticides 
for general public use. Early this year, the Inter- 
departmental Committee on Pest Control met with 
representatives of various agencies in Chicago to re- 
view various questions, and work out procedures 
that might be followed in selecting and establishing 
common names for pest-control chemicals. H. L. 
Haller represented your Committee at this meeting. 
After a thorough-going discussion various proposals 
were made looking tow«:d unification and concen- 
tration of effort The entire matter is still under con- 
sideration. 

Your Committee has given its approval to a name 
for an important new insecticide which has been 
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under consideration by the Interdepartmental 
Committee for some months. Further work must be 
done by this Committee before the name is ready 
for official approval. 

Consideration was also given to the proposal of 
names for three established insecticides of known 
chemical structure. Progress has been made in Com- 
mittee, but names are not yet ready for consideration 
by other agencies. 

Your Committee recommends continuing coopera- 
tion with other associations and agencies in the mat- 
ter of establishing common names for insecticides. 

GLENN F, CARMAN J. R. Eyer 

H. L. Hatter H. H. Sueparp 

C. H. Ricuarpson, Chairman 


REPORT OF THE COMMITTEE ON THE 
Copiinc Moru 


At the request of your Committee the Bureau of 
Entomology and Plant Quarantine will assemble and 
distribute the results of codling moth research in 
1948. This pool of information will constitute the 
fifteenth consecutive annual compilation. The Bu- 
reau has invited the codling moth workers to submit 
reports of the past season’s work on codling moth 
and the associated problems arising from the use of 
DDT or from changes in long established control 
programs. 

Opinion as to the need for another codling moth 
conference this winter was divided, consequently no 
conference has been scheduled. 

This Committee has in the past suggested lines of 
research considered most needful of additional atten- 
tion. These suggestions may be referred to in the 
JouRNAL oF Economic Entomo.ocy (Vol. 35, p. 
134, 1942; Vol. 36, pp. 170-1, 1943; Vol. 37, pp. 174- 
5, 1944; Vol. 41, pp. 136-7, 1948). 

In addition your committee suggests that as 
newer, more powerful insecticides than DDT are 
introduced investigators who test them over a pe- 
riod of years pay particular attention to their effects 
on pollinating insects, particularly the honey bee, on 
fruit production and quality, on the keeping quality 
of fruit in storage, and on the long-time effect of 
spray residues on the soil. Most of these effects may 
vary greatly under different cultural practices, 
climatic conditions or soil types. Likewise the addi- 
tion of new insecticides to the DDT codling moth 
spray program on an orchard-wide scale for the con- 
trol of specific pests may further upset natural checks 
and lead to serious losses from unanticipated out- 
breaks of minor pests, unless these possibilities are 
adequately investigated before the new materials 
are suggested for grower usage. It is quite probable 
that many of the new insecticides will prove incom- 
patible with the fungicides, either old or new, that 
might be needed to control fruit diseases. This in- 
compatibility may be physical as well as chemical, 
so that the amount deposited, its resistance to 
weathering, its distribution, or the toxicity of either 
the insecticide or fungicide may be adversely af- 
fected by the introduction of the new material to the 
spray program. Insect control must be balanced into 
the whole program—production, marketing, and 
use and the investigator must not underestimate his 
great responsibility toward each of these phases. 

Your committee reiterates the suggestion made a 
year ago that the Association and its Executive 
Committee consider the advisability of discontinu- 
ing the Committee on the Codling Moth or of chang- 
ing its name and broadening its scope. 
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The development of DDT for codling moth has 
reduced this control problem to one of much less im- 
portance. The problems which have arisen because 
of the toxicity of DDT to many parasites and 
predators, or because of the displacement of long- 
used insecticides in the spray program, or the use of 
new types of insecticide application equipment have 
lessened the need for emphasis on codling moth con- 
trol and transferred it to many different associated 
problems which vary greatly in the various fruit 
growing sections. For example, it has become nec- 
essary in various sections of this country where DDT 
has been used for codling moth control to develop 
more effective means of controlling at least 7 differ- 
ent species of orchard mites, the red-banded leaf 
roller, and the wooly apple aphid, as well as San 
Jose and Forbes scale. Parathion and other newer 
and more powerful insecticides than DDT may scat- 
ter the emphasis on the codling moth still further. 

If it is the wish of the association to continue this 
Committee under a new name your present commit- 
tee suggests as a possible title, “Committee on In- 
sects Affecting Pome Fruit Production.”’ For the new 
scope of this Committee it is proposed that its work 
be directed toward the more economical and effective 
control of all insect pests attacking pome fruits either 
directly or as vectors of disease and with the maxi- 
mum possible conservation of beneficial insects, both 
natural-enemy and pollinating types. This work 
should give full consideration to the fruit grower’s 
other production and marketing problems as well as 
the consumers interest in quality and avoidance of 
harmful (or otherwise objectionable) residue. 

At the Association’s 1947 meetings, the Section 
on Insecticides voted to request this Committee to 
set up minimum standards for the preliminary field 
testing of codling moth insecticides. The membership 
of your Committee is divided in its opinion of the 
need for such required standards. It is recognized 
that facilities and pressure from other work might 
keep some investigators from following prescribed 
standards, or local conditions might make their use 
disadvantageous. However, the investigator who 
publishes his results has a distinct obligation to 
others, an obligation that has too often been ignored 
in the past. He should not fail to give a clear explana- 
tion of the procedures used, and the safeguards taken 
to insure adequate and reliable sampling so that the 
reader can properly judge the value of the work and 
decide with a reasonable degree of accuracy as to 
whether the material is worth his consideration. 
Several suggestions for testing technique are ap- 
pended to this report. These are intended as a guide 
for investigators wishing information, not as a 
necessary requirement for setting up codling moth 
insecticide tests. 


P. J. CHAPMAN 
Dwicut IsLey 
G. E. MarsHaLu 


J. H. Newton 
W. J. O'NEILL 
L. F. Sterner, Chairman 


APPENDIX TO THE REporRT or Com- 
MITTEE ON THE CopLinc Motu 
December 13, 1948 


Suggested Standards for the Preliminary Field Testing 
of New Codling Moth Insecticides 


These suggestions are for the intermediate step in 
the development of a new insecticide, after labora- 
tory or single-tree tests have shown it to have some 
promise and to be relatively non-injurious to fruit 
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or foliage. This step should precede large-plot or 
orchard-wide tests. 

Size of replicate. Each replicate may consist of one 
or more trees. The trees used for record purposes 
should be as uniform as possible with respect to crop 
and size. Replicates larger than single trees are de- 
sirable if the effects on mites or leaf rollers are also 
to be studied. 

Number of Replicates. Four are considered the 
minimum necessary, but the use of 5 to 7 will greatly 
increase the value of the experiment and generally 
narrow the differences required for significance. 
Replicates should be set up in a restricted random- 
ization, that is, all treatments should appear in a 
random distribution and in the closest possible prox- 
imity with each replication. 

Number of treatments. Results will become less 
reliable as the number of treatments exceed the 
number of replications. Usually 2 or 3 times as many 
treatments as replications can be safely tested in a 
single set up. 

Taking results. Different insecticides are likely to 
vary in their suspceptibility to decomposition, to 
weathering from wind and rain, and in the amount of 
redeposition of residues in various parts of the tree. 
Because of this it is imperative that results be taken 
that will represent the whole crop. Usually the in- 
vestigator can obtain reliable estimates by examin- 
ing a portion (200 to 300 apples when available) of 
each drop collection and each harvest picking. The 
total number of fruit, as well as injuries, represented 
by each sample must be determined so that whole- 
tree estimates can be properly computed. 

Interplot movement of moths and differences in 
the toxicity of sprays and spray deposits to moths 
reduce the reliability of small-plot tests when they 
extend beyond the active period of one generation, 
therefore, in two- and three-brood areas where most 
of the sprays are often applied during the first-brood 
hatching period, separate estimates of treatment 
performance against the first generation, and if 
possible the second, are essential if the investigator 
desires to forecast the probable comparative per- 
formance of the test materials in large-scale use. 
On-the-tree examinations of stratified samples (all 
parts of the tree proportionately represented) at the 
end of first-brood attack will yield information that 
will be of considerable value in analyzing the final re- 
sults. 

Presentation of results. If yields are not uniform 
infestation intensity and volume will both be af- 
fected by the differences. Yields should be given, 
along with the number of injuries per tree and either 
the per cent of fruit affected or the number of in- 
juries per fruit or 100 fruits. When yields differ the 
per cent of fruit injured may sometimes be the 
same yet the number of injuries per tree may vary 
significantly, likewise equal tree populations may be 
associated with significant differences in per cent of 
fruit injured. 

_ Other factors such as uniformity of spray applica- 
tions, accuracy of measurements, differences in 
meteorological conditions when various treatments 
are applied, in sources of reinfestations, etc. are also 
the responsibility of the investigator to consider, 
record, and properly evaluate when he reports his 
results. 

_ Many workers will want to go further than out- 
lined above in improving the reliability of their work 
and in assisting others in properly interpreting the 
results. 
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REPORT OF THE COMMITTEE ON 
GRASSHOPPER RESEARCH 


It is indeed unfortunate that it was not possible 
to hold a meeting of the committee this year, and it 
is suggested that in the future all members who are 
present at the annual meeting of the American Asso- 
ciation of Economic Entomologists get together for 
at least a brief discussion on policies and plans. At 
the meeting in St. Paul, Minnesota, in March 1947 
(see report of committee, JouRNAL or Economic 
Entomo.oey, Vol. 41, No. 1, p. 136) certain recom- 
mendations were made. It is felt that these recom- 
mendations, particularly the appointment of a 
permanent secretary, should be implemented. Un- 
fortunately, Dr. C. E. Mickel, of the University of 
Minnesota, who was appointed to interview com- 
mercial organizations which might subscribe funds 
for such a man, found it necessary to drop this as- 
ugnment 

It is recommended that someone be appointed in 
Dr. Mickel’s place to explore the possibility of se- 
curing financial assistance to establish a position of 
permanent secretary. 

Arrangements have been made for assembling the 
annual confidential report on grasshopper research 
conducted in the United States and Canada. 


D. A. Winpur R. H. Hanprorp 

J. R. Parker ex officio Sam McCampBELL 

CLAUDE WAKELAND ez officio Epuriam Hrxon 
H. L. Szamans, Chairman 


REPORT OF THE PUBLICATIONS 
COMMITTEE 


1. Recognizing that the policies and rules that 
govern the preparation and publication of articles for 
the JourNAL are scattered through the various com- 
mittee reports and Association resolutions published 
over several years, making such matter difficult to 
find and often difficult to interpret, the committee 
will in the near future, bring together for publica- 
tion in one body such policies and rules, It is pro- 
posed that this matter be also published as a separate 
for distribution to new members as they come into 
the Association. 

2. The Committee recommends that the Associate 
Editor shall be Ex Officio, a member of the Publica- 
tions Committee as well as a member of the Editorial 
Board, as is already provided by rule. 

3. Recognizing the need for a usable name for 
each insecticidal material as soon as it is released 
for experimental use, and as soon as the manufac- 
turer has stated its chemical composition, we request 
that the Committee on Insecticide Terminology con- 
sider adoption of a temporary designation, prefer- 
ably a combination of letters and numbers for the 
new material, until such time as the Committee as- 
signs an official common name. The Publications 
Committee reaffirms the recommendation of the 
Committee on Insecticide Terminology (JouRNAL OF 
Economic ENToMoLoey, 40: 156) that trade marked 
names for insecticides be placed in footnotes, once 
in each article, below the common name as used in 
the text. 

T. L. Bissexu (acting for F. S. ARANT) 
R. W. Dean 

W. H. Wuirte 

W. E. Dove 

J. A. Munro 
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REPORT OF THE COMMITTEE ON RELA- 
TION OF ENTOMOLOGY TO CONSERVATION 


The presentation of this committee will be a 
departure from those of the past, in that it is 
actually a report on a self-inspection. 

Several members have expressed themselves along 
similar lines, and excerpts of these expressions will 
point up the recommendations to follow. One mem- 
ber has this to say: 

“Even though I have reviewed all of the past re- 
ports of this committee, I am not clear as to the 
scope and duties of the committee. The term ‘con- 
servation’ covers a large field. Actually, all of our 
applied entomology is conservation. Conservation of 
our forest resources involves protection from insects. 
Except for the element of time, protection of forests 
from insects is not basically different from protection 
of other crops.” 

Another expresses his views in a like vein: 

“The terms of reference of this committee pub- 
lished in Volume 38 of the JouRNAL appear to me to 
be very vague, and from them it does not seem to be 
clear just what the association had in mind. It 
might be of value to have the functions of the com- 
mittee clarified, for instance, in what is meant by the 
term ‘conservation,’ which covers a very wide field 
indeed.” 

A third has the following comment: 

“By the time I had completed serving my previous 
term, I had seriously begun to doubt that a commit- 
tee such as our is in a position to take any definite 
concrete action to forward the cause. Therefore, 
about the only course left is to write up a report, 
pointing out some entomological problems related 
to conservation. 

“Up to the present time, I doubt that this com- 
mittee has pointed out any items that had not pre- 
viously been recognized, and not only recognized 
but a start had already been made to obtain further 
information concerning it.” 

The history of, and instructions to, the committee 
are found in the JourNAL (38 (4): 514) and are re- 
produced herewith: 

“*As insect problems are co-extensive with and 
inseparable from conservation problems; as the in- 
terrelation of such problems has had scant consider- 
ation; as conservation programs must be adjusted 
and readjusted from time to time to conform with 
specific knowledge; as there is an urgent need for a 
more general understanding and for planned co- 
ordination in the relation of entomology to conserva- 
tion—a continuing agency of the American Associa- 
tion of Economic Entomologists should act as a fact 
finding body to advise the Association concerning 
general policies and particular problems and to 
cultivate cooperative relations with similar agencies 
if and when created by other organizations con- 
cerned.” 

It appears that the instructions to the committee 
are general, and that the reports to date are in gen- 
eral phraseology. 

If a committee such as this is to be specific it 
should have its duties and limitations specifically 
outlined. It is possible that the term “‘conservation” 
has taken on a wider connotation since the commit- 
tee was formed; it is also possible that emphasis has 
changed since its conception. But it is equally pos- 
sible that there has never been a greater need for 
coordination of all interrelated agencies in activities 
falling in the field of conservation. Entomologists 
have been critical of the activities of some conserva- 
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tion agencies for their lack of a broad picture, and 
these agencies have, possibly with equal merit, been 
critical of some entomological programs. 

Reports of this committee have, in the past, dealt 
with general conservation problems, as we have said, 
in somewhat general terms. What have been the 
accrued values? Certainly committee contributions 
should have been the mature views of capable mem- 
bers, and as such may have pointed up thinking in 
the profession and possibly stimulated some volun- 
tary action. Many of these reports actually have 
been in the nature of well prepared editorials, the 
function of which should be to stimulate thought 
and, through it, action. At times they have of nec- 
essity smacked a little of the platitudinal. There is a 
place for such recorded thought, and the reports as 
published in the Journat fill a need. 

But year after year of this reporting should cul- 
minate in some tangible, measurable activity. Has 
it? That is the question in the minds of your com- 
mittee. 

We feel that specific action by this committee is 
more difficult to attain, in the light of its present 
instruction, than in the case of such committees as 
those on membership, terminology, ete. 

We therefore respectfully suggest that the Associ- 
ation decide 

1. What is meant by “‘conservation”’; what are the 
limits implied. 

2. Whether or not the committee should continue 
as of the past in mirroring conservation entomol- 
ogy thought for guidance of the profession; or 

3. Whether or not it should be emphasized that 
future committees will have concrete action to take 
and proposals to present to the Association. Such 
action could be in the form of (a) analyses of what 
conservation measures entomologists are taking 
either directly or in cooperation with agencies, 
(c) the establishment of a council of conservation 
and related groups for periodical examination of ac- 
tivities involving cooperative action, (d) the periodi- 
cal notification of members (through the Journ At?) 
of new conservation activities where entomological 
assistance is desirable, (e) the research, or the re- 
viewing of progress of a cooperative nature. 

In summary, should the committee editorialize or 
should it have specific tasks to accomplish or at 
least to attack? 

The committee feels that there is a place for ac- 
tivities along all of the lines mentioned herein. It 
feels that the work of future committees will be 
greatly facilitated if the Association either endorses 
past committee actions or crystallizes a more active 
program for the future. 

Respectfully submitted, 
R. D. GLascow 
C. R. Twinn 
F. E. WarrexEap 
N. D. WyaGant 
H. B. Miius, Chairman 


REPORT OF THE JOINT COMMITTEE 
ON THE PREPARATION OF A HISTORY 
OF ENTOMOLOGY IN RELATION TO 

Worvp War II 


1. The American Association of Economic Ento- 
mologists and the Entomological Society of America, 
at heir final business meetings at the annual meet- 
ing in Chicago, Illinois in December 1947, and 
through subsequent action of their respective execu- 
tive committees, authorized (a) the continuation of 
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the Joint Committee on the Preparation of a History 
of Entomology in Relation to World War II, (b) the 
appointment of Col. E. C. Cushing as general editor, 
and (c) the expenditure of not to exceed $1,000.00* 
for the services of the editor and other necessary ex- 
penses in connection with the preparation of this 
History. 

2. (a) During the past year the Committee has 
continued its efforts to assemble material of value in 
the preparation of reports, these efforts for the most 
part being directed toward obtaining more complete 
information from the sources mentioned in the report 
presented at the last annual meeting. 

(b) The necessary arrangements regarding the 
preparation of the History have been made with Col. 
Cushing and he has been engaged for some months 
on the project as time permitted. Since November 17 
Col. Cushing has been on active duty with the Army 
in the Office of the Surgeon General, on a tour of 
duty of three months. This assignment affords Col. 
Cushing the opportunity to make the very necessary 
contacts with numerous federal agencies that are 
believed so necessary to this project, and gives him 
access to the many and voluminous reports which 
must be reviewed and abstracted in the course of this 
work. The Committee feels that this arrangement is 
most fortunate since it permits our editor to acquire 
a wealth of information not otherwise obtainable, 
and has enabled him to make excellent progress on 
the History since this arrangement has been in ef- 
fect. 

(c) The arrangements with the general editor 
mentioned in (b) above were delayed until almost 
mid-year due to circumstances beyond the control 
of this Committee, and the actual work of writing 
the History was not begun for some time thereafter. 
Nevertheless, the General Editor and the Commit- 
tee hope and believe that the manuscript of this 
History will be in final form for consideration by the 
executive committees of the two societies at the 
next annual meeting. No recommendations for fur- 
ther action concerning the manuscript will be made 
until it is available in final form. 

(d) In view of the very promising progress that 
has been made by our Editor it is recommended that 
a Joint Committee of four members, two from each 
Society, be appointed to assist in an advisory capac- 
ity for the duration of this project. 

(3) No expenditures have been made by the Com- 
mittee during the past year. 

Raven W. Bunn 


Epwarp F, KN1iPLinG 
Co-Chairman 


StTan.LeYy W. BroMLey 
P. W. Oman 


Chairman 


REPORT OF THE COUNCILLORS FOR THE 
AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 


Your councillors were represented at the meeting 
of the Council on Monday, September 13, at 3 p.m. 
at the Statler Hotel, Washington, D. C. The items of 
business at the Council meeting were as follows: 

1. The President announced the appointment by 
the Executive Committee of Dr. Howard A. Meyer- 
hoff of Smith College as Administrative Secretary 
to sueceed Dr. F. R. Moulton for a term of four 
years, beginning January 15th, 1949. 

2. The Administrative Secretary presented and 


* $750.00 from the AABE and $250.00 from the 


ESA 
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discussed matters pertaining to the financial status 
of the Association. 

8. The President asked for nominations for Presi- 
dent and five names were proposed from the floor. 
In addition, it was moved, seconded and voted that 
additional nominations be solicited by mail in the 
usual manner from members of the Council and 
that the nominations from the floor be listed in the 
request mailed to the Council. 

4. It was moved, seconded, and voted that nom- 
inations for Vice-Presidents, one from each of the 
15 sections of the Association, be made in the cus- 
tomary manner by the individual sections. $ 

5. Upon motion it was voted that the General 
Secretary be authorized to appoint a committee to 
study and recommend standards or qualifications 
upon which societies may be considered for admis- 
sion as associated or affiliated societies of the Asso- 
ciation. 

6. It was voted that the Executive Committee ap- 
point a committee of three to seven members to 
consider and report on organizing or establishing 
local chapters of the Association. 

7. The question was raised on methods of starring 
scientists in the American Men of Science. The ques- 
tion of electing members to Fellowship in the Asso- 
ciation was also discussed. It was voted that with the 
ballots sent to the Council for the election of Presi- 
dent and Vice Presidents of the Association, the 
members of the Council be asked also to vote on 
these two questions. 

8. It was further voted that the Council be asked 
to ballot on the type of meeting which the Associa- 
tion should plan following the New York meeting in 
December, 1949. Specifically, the question involves 
(a) returning to the standard type of meeting, 
(b) adopting the conference type of meeting, without 
provision for specialized activities of sections and 
affiliated societies, and (c) alternating the two types 
of meetings. 

9. Dr. Shapley reported that the committee on 
freedom in science was to discuss the problem at 
the Executive Committee meeting on Wednesday, 
September 15. 

10. Following a report by Dr. Mather, it was 
voted that the Executive Committee be authorized 
to investigate the possibilities and to follow develop- 
ments in connection with the proposed International 
Federation of Associations for the Advancement of 
Science and to report at the next meeting of the 
Council. 

11. The Council received an informal report by 
Dr. Parks on the Gordon Research Conferences at 
New London, New Hampshire. 

Rocer C. Smita 
Bai.ey B. Pepper 


REPORT OF THE REPRESENTATIVE TO THE 
Division oF BioLoGy AND AGRICUL- 
TURE OF THE NATIONAL RESEARCH 
Councin, 1948 


The annual meeting of the Division of Biology 
and Agriculture was held in Washington, D. C., on 
May 6, 1948, under the chairmanship of Dr. J. 5S. 
Nicholas. The following items reported to or acted 
upon by the membership will be of some interest to 
entomologists: 

1. The American Institute of Biological Sciences 
was formally established within the framework of 
the Division on February 20, 1948, with 12 societies 














188 


accepting full membership and one society adhering 
as an affiliated member. No entomological group has 
become a member of the Institute. 

2. Two societies, the American Association of 
Anatomists and the Biometric Society, were ac- 
cepted as members of the Division of Biology and 
Agriculture. 

3. In the general field of conservation, efforts are 
being made to reconstitute the Committee on the 
Ecology of Grasslands, under the chairmanship of 
Dr. Shelford. 

4. Two fellowships to support research in the field 
of entomology were awarded by the National Re- 
search Council on the basis of recommendations of 
the Division’s Committee on Fellowships. 

The National Research Council is a cooperative 
organization of the scientists of America, responsible 
for many of the contacts which are made between 
scientific societies. The ramifications of its influence 
are very broad, yet its activities are too little ap- 
preciated. The Council comprises eight major divi- 
sions of which the Division of Biology and Agricul- 
ture is the one with which entomologists are con- 
cerned. Affiliated with the Executive Committee of 
the Council is: 

1. The Pacific Science Board, one of whose com- 
mittees is the Insect Control Committee for Micro- 
nesia, and 

2. The Chemical-Biological Coordination Center 
with its Entomological Subcommittee. In addition 
to the latter, two entomologists are members of the 
Coordination Center’s Biological Codification Panel. 

Your representative has been called upon by the 
division of Biology and Agriculture to furnish in- 
formation regarding such matters as entomological 
meetings and attendance of entomologists at the 
International Congresses of last summer. He would 
appreciate suggestions as to how the National Re- 
search Council, through the affiliated societies may 
assist entomologists more effectively in their re- 
search and operations. 

Respectfully submitted, 
Haroxp H. SHeparp 


ANNUAL REPORT OF AMERICAN CoM- 
MITTEE ON ENTOMOLOGICAL NOMEN- 
CLATURE 


The outstanding nomenclatural event in 1948 was 
the meeting of International Commission on Zoologi- 
ca] Nomenclature in connection with the Thirteenth 
International Congress of Zoology in Paris. Notice 
of some of the most important decisions taken at this 
meeting has been published in Science and elsewhere. 
In anticipation of this meeting of the Commission, 
the American Committee on Entomological Nomen- 
clature studied some of the pending cases for which 
the Commission had published advance notice of 
applications. The results of this study were com- 
municated to the Commission. In addition, the 
Committee prepared two applications of its own and 
submitted them to the Commission. The first of 
these involved the status of names given to forms of 
less than subspecific rank. The second petition 
related to generic names published after December 
31, 1930, without definite unambiguous designation 
of the type species. Following the Paris meeting, the 
Secretary of the International Commission notified 
the Committee that these matters were considered 
by the Commission and decisions reached on the 
various phases of these two problems which had been 
included in the petitions. 
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Members were elected or re-elected for 3-year 
terms to fill vacancies in the Committee as follows: 
M. A. Cazier, C. W. Sabrosky, E. G. Linsley. 
Officers elected for the year 1949 are E. G. Linsley, 
Chairman, and C. D. Michener, Secretary. : 
Respectfully submitted, 
E, G. Linstey, Secretary 


Tue Crop Protection INstTiTuTE 


The activities of the Institute in 1948 have in- 
cluded research in the following fields: 

A spreader sticker that does not interfere with in- 
secticidal or fungicidal activities. 

A comprehensive investigation of fatty acid 
derivatives. 

The influence of various types of inerts on insecti- 
cidal dusts. 

Formulae for aerosols. 

Development of a mothproofer that will withstand 
washing and dry cleaning. 

Terpene derivatives. 

Extracts of derris root. 

A new cuprous oxide. 

Chemotherapy, especially as related to Dutch elm 
disease. 

Dithiocarbamates. 

The incorporation of DDT in paints. 

Reinforced oil sprays for home gardens. 

Companies supporting the principal programs of 
research included the following: 

Armour & Company 

Attapulgus Clay Company 

J. T. Baker Chemical Company 
Boliden Mining Company 

Bridgeport Brass Company 

Davison Chemical Corporation 

Ethy!] Corporation 

General Chemical Company 

Hercules Powder Company 
Johns-Manville Corporation 

The Mathieson Chemical Corporation 
Niagara Sprayer and Chemical Company 
S. B. Penick & Company 

H. H. Robertson Company 

Rohm & Haas Company 

Sunoco Products Company 

Standard Oil Company (Indiana) 

Changes are under study in the procedure through 
which the Board of Governors of the Institute is se- 
lected. These are not completed but include the fol- 
lowing: 

Enlargement of the Board so that it may repre- 
sent one or more additional fundamental sciences 
such as soil chemistry and microbiology. 

A new procedure for selecting personnel for the 
Board. It has long been apparent that members of 
the Board represent certain fundamental sciences 
rather than certain professional societies, such as the 
American Phytopathological Society and the Ameri- 
can Association of Economic Entomologists. Since 
the Institute is an independent body, confusion 
sometimes arises from the fact that entomologists of 
the board have had the status of a standing commit- 
tee of the American Association of Economic Ento- 
mologists whereas the Associaion does not in itself 
direct the activities of the Institute. A proposed 
change would eliminate this confusion. Entomolo- 
gists will be selected by an appropriate procedure 
but will not constitute a standing committee of the 
Association, named by a nominating committee as 
are officers of the Association. The enlarged Board 
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will probably include 10 or possibly 12 men and will 
represent the sciences of entomology, plant pathol- 
ogy, plant chemistry, and probably soil chemistry, 
and bacteriology. 

Beginning in 1948 the Institute enlarged its scope 
by providing for an advisory service to such manu- 
facturers of insecticides, fungicides, and other mate- 
rials as may wish to avail itself of the Institute’s 
broad knowledge and experience. 


AMERICAN INSTITUTE OF BIOLOGICAL 
ScIENCES—REPORT OF OBSERVER 


At the request of the President, Dr. S. A. Rohwer, 
I served as an observer at the meetings of the Gov- 
erning Board of the American Institute of Biological 
Sciences. One meeting was held February 20, 1948 
and a second on September 13, both at the National 
Academy of Sciences at Washington. The Institute 
was formally organized on February 20, a sufficient 
number of societies having substantially met the re- 
quirements. 

The Institute has adopted the following revised 
basis for the determination of the dues of member 
societies: $1.00 per year for each member belonging 
to but one society having full membership in the In- 
stitute, and $0.50 for each member belonging to two 
or more such societies, up to a maximum of $1,000. 
With a society with 2,000 or more members, as in the 
case of our Association, the reduction for overlapping 
membership is of no significance, since the dues 
would be the maximum figure anyway. 

The Institute made arrangements for meetings 
held by a number of societies in biological sciences in 
Washington during September, at the time of the 
meeting of the American Association for the Ad- 
vancement of Science, and is prepared to make simi- 
lar arrangements in the future if desirable. 

Shortly after the September meeting, Dr. Milton 
Lee was appointed Executive Secretary for the In- 
stitute. He is serving on a part-time basis. 

A number of activities are contemplated by the 
Institute. One of these projects is the preparation 
and publication of a handbook of biological facts. In 
the interest of economy and efficiency, consideration 
is also being given to arrangements for joint con- 
tracts covering the printing of publications of vari- 
ous member societies. As far as I know, these projects 
are still in the developmental stages. 

B. A. PortER 


REPORT OF THE SECTION OF AGRICULTURE 


The Section of Agriculture met in Parlor A., New 
Yorker Hotel at 1:30 December 13, 1948. In the ab- 
sence of the Chairman Dr. E. J. Dyce who was at- 
tending an apicultural meeting in St. Louis, Dr. E. F 
Phillips presided and read the Chairman’s address. 
In addition to this five papers were presented. Of 
these, four were concerned with the subject of bee 
poisoning which proved to be the focus of much in- 
teresting discussion. 

In the business session a motion was made, sec- 
onded and passed, that the address of Chairman 
Dyce be mimeographed and distributed to inter- 
ested parties, particularly to experiment station di- 
rectors, to extension entomologists and to beekeep- 
er’s associations: Dr. Dyce to be consulted regard- 
ing the advisability of recasting the paper to suit the 
various audiences. 

_ The nominating committee presented and the vot- 
ing members elected for Chairman and Secretary re- 
spectively, 


Everett Orrret and W. A. Price 
Fifty-five persons attended the meeting, which 
was in continuous session until 5 p.m. when it was 
adjourned. 
W. A. Price, Secretary 


REPORT OF THE COMMITTEE ON 
MEMBERSHIP 


The Committee on Membership has considered 
the applications for active membership submitted by 
135 persons. The data in the applications have been 
summarized by the Committee Charman and sub- 
mitted by mail to committee members. A recorded 
vote is cast by committee members for or against 
each applicant. Applications in due form, properly 
certified and accompanied by the required fees have 
been acted upon at approximately monthly inter- 
vals. A few applications have required several 
months for processing. Applicants that have been 
unanimously approved for membership in the Asso- 
ciation total 134. One application has been with- 
drawn. Eighty of these applicants were approved for 
membership before September 1, and their member- 
ship dates from January 1, 1948; 54 were approved 
after September 1 and their membership becomes 
effective on January 1, 1949. A list of the new mem- 
bers follows: 


List of new members effective 
January 1, 1948 


Madsen, H. F. 
Maehler, K. L. 
Maina, B. A. 
Moreno, I. 
Morgan, B. B. 
Mowry, P. 
Mueller, P. W. 
Murphy, U. E. 


Allen, R. P. 
Baker, J. A. 
Barron, I. R. 
Burcham, E. G. 
Burge, L. M. 
Charpentier, L. J. 
Connelly, R. B. 
Corry, A. 


Coyne, S. J. Owen, F. E. 
DeFoliart, G. R. Owens, V. H. 
Denning, D. G. Pagan, C. 


Pielou, D. P. 
Pimental, D. 
Pratt, H. D. 
Radeleff, R. D. 
Rao, V. P. 
Revell, I. L. 
Roder, E. V. 
Roth, E. N. 
Rueger, Myrtle E. 
Saha, J. S. 
Seaman, R. V. 
Sloan, M. J. 
Smith, J. N. 
Solomon, E. L. 
Stevens, J. E. 
Stewart, A. W. 
Strew, S. W. 
Stultz, H. T. 
Summers, T. E. 
Sylvester, E. S. 
Taylor, R. E. 
Tunis, W. A. 
Walstrom, R. J. 
Williams, H. M. 
Wilson, I. B. 
Wolf, M. A. 
Woodworth, R. 
Young, B. J. 
Young, E. G. 


Dodd, F. O. 
Duzgunes, Z. U. 
Eads, C. O. 
Evans, A. W. 
Evans, R. E. 
Ferguson, P. 
Field, G. 
Fletcher, O. K. 
Frost, M. H., Jr. 
Fullmer, O. H. 
Gallaway, O. H. 
Gast, R. T. 
Gates, F. H. 
Ghani, M. H. 
Hall, D. E. 
Hanna, R. L. 
Hayslip, N. C. 
Hoffman, R. A. 
Iglinsky, W. 
James, M. T. 
Jett, J. A. 
Johansen, C. A. 
Kellogg, W. 
Lancaster, F. R. 
Lowry, W. E. 
Lund, R. H. 
Lung, P. H. 
Lynch, J. H. 
Lyness, R. N. 
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List of new members effective 
January 1, 1949 


Allen, W. R. 
Back, R. C. 
Bailey, S. E. 
Barr, W. F. 
Batchelor, G. S. 
Benjamin, D. M. 
Bickerton, J. M. 
Bixby, A. F. 
Bohart, G. FE. 
Boush, G. M. 
Carlson, A. E. 
Clark, P. H. 
Coarsey, J. M., Jr. 
Coe, L. E. 
Corliss, J. M. 
Coyne, J. F. 
Cunliffe 

Dobson, R. C. 
Farr, T. H. 
Foster, J. R. 
Frank, M. S. 
Franklin, W. W. 
Frick, K. E. 
Griggs, C. B. 
Haberman, W. O. 
Hinman, E. H. 
Isgrig, B. C., Jr. 


Twelve active members and one applicant have 


Johnson, A. W. 
Kane, N. F. 
Kohler, C. E. 
Loden, H. D. 
Lomax, J. W. 


McClurkin, J. L., Jr. 


Mc Kenna, J. P. 
Messenger, A. P. 
Michael, J. E., Jr. 
Midlam, C. E. 
Nelson, J. A. 
Northwood, A. F. 
O’Brien, W. J. 
Poland, J. L. 
Pratt, B. G., Jr. 
Reynolds, D. J. 
Rossi, L. E. 
Scoggin, J. K. 
Seeley, A. L. 
Smallman, B. N. 
Soliman, A. A. 
Summers, F. M. 
Van Skike, K. R. 
Watwood, R. P. 
Wilkes, A. 
Wolfe, H. R. 
Yerington, A. P. 


become life members during 1948. They are: 


Bohart, George E. 
Cory, Ernest N. 
Cutright, C. R. 
Drake, Carl J 


Haviland, Elizabeth E. 


Hungerford, H. B. 
Jaynes, H. A. 


King, K. M. 
Peairs, L. M. 
Poos, F. W. 
Rude, C. S. 
Scott, Roger 


Weems, Howard V., Jr. 


Forty-seven applications are awaiting action by 
the Committee. 

Two active members, Dr. L. O. Howard and Dr. 
Herbert Osborn, have been duly proposed for honor- 
ary membership in the Association. The Committee 
by a majority vote recommends to the Association 
that Dr. Howard and Dr. Osborn be elected to hon- 
orary membership. 

The Committee further reports that the Associa- 
tion has lost 44 active members from its roll during 
1948. Of these, 30 resigned and death removed 14. 
Those removed by death include: 

Baker, Norval Harman, S. W. 
Barber, George W. Hopkins, A. D. 
Brannon, L. W. Metcalf, C. L. 
Cockerell, T. D. A. Sanford, H. L. 
Collins, C. W. Thompson, Robert W. 
Fenton, Alfred Watson, Lloyd R. 
Glasgow, Hugh Wilson, C. C. 

This leaves the Membership of the Association at 
the beginning of 1949 at 2004. 

L. L. ENGiisu 


J. C. GAINEs 
R. L. Metcatr 


G. E. LEHKER 

W. B. Woop 

Harvey L. SWEETMAN, 
Chairman 


REPORT OF THE RESOLUTIONS 
COMMITTEE 
The Committee on Resolutions submits the fol- 


lowing report: 
1. Wuereas: The members of the American As- 
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sociation of Economic Entomologists, in attendance 
at the 60th Annual Meeting of this Association held 
at New York City, N. Y. on December 13 to 16, 
1948, have enjoyed a most pleasant and profitable 
assemblage, 

Therefore, Be It Resolved: That we hereby express 
our cordial appreciation to the following individuals 
and agencies who made this occasion possible. 

a. Chairman Charles L. Smith, G. G. Becker, 
H.C. Curran, Harry Haynes and R. S. Filmer, mem- 
bers of the local arrangement committee, for their 
untiring efforts and capable work in handling the 
numerous organizational details so essential to the 
smooth and efficient conduct of our. many sessions. 

b. Chairman Charles L. Palm, E. F. Knipling, 
and Floyd Andre of the Program Committee for ar- 
ranging an outstandingly informative and stimulat- 
ing program. 

c. Our President and Secretary for a demonstra- 
tion of unusual proficiency in the conduct of the 
meeting. 

d. The Administrative and operational personnel 
of the Hotel New Yorker for their many courtesies. 

e. The officers and members of the Entomological 
Society of America for their whole hearted coopera- 
tion in making this joint meeting a success. 

2. WuereEas: Two honored and beloved charter 
members of our Association, Dr. L. O. Howard and 
Dr. Herbert Osborn, still maintain personal interest 
in our organization, but were unable to attend this 
meeting, 

Therefore, Be It Resolved: That our Secretary be in- 
structed to forward to them our sincere greetings 
and best wishes. 

8. Wuereas: Fourteen of our worthy members, 
Norval Baker, L. W. Brannon, T. D. A. Cockerell, 
C. W. Collins, Alfred Fenton, Hugh Glasgow, S. W. 
Harman, C. L. Metcalf, H. L. Sanford, Robert W. 
Thompson, Lloyd R. Watson, C. C. Wilson, A. D. 
Hopkins and George W. Barber were called to their 
eternal reward during the past year, 

Therefore, Be It Resolved: That we put in our per- 
manent records this expression of our regret at the 
death of these our friends and fellow workers. 

4. Wuereas: The Executive Committee has 
(with ratification by the members) abolished several 
standing committees and whereas this action may 
lead to confusion on a matter of policy, 

Therefore, Be It Resolved: That it is the consensus 
of this body that this action should in no way deter 
the President of this Association from exercising his 
constitutional right to appoint special temporary 
committees to investigate the same or similar prob- 
lems as the need arises. 

5. Wuereas: The presence of impurities, varia- 
tions in formulation and other factors may fre- 
quently alter the insecticidal and other properties of 
compounds, concentrates, or finished insecticides 
and thereby detract from the reliability of the ex- 
perimental data obtained, 

Therefore, Be It Resolved: That in order to avoid 
unnecessary confusion, the entomologists presenting 
research results should, insofar as possible, include 
all available information on source of materials, 
purity of ingredients, physical properties and formu- 
lation. 

6. WuereEas: The members of this Association 
have cooperated with other agencies in fostering and 
promoting the adoption of short, coined names to be 
used in place of cumbersome, chemical names for cer- 
tain compounds used as insecticides, and 

Wuereas: These compounds may be or may be- 

















come available in various forms such as pure and 
variable technical grades some of which may have 
chemical, physical and other proeprties distinct] 
different from those of the grade defined or paneer d 
ered when the name was adopted, 

Therefore, Be It Resolved: That this Association go 
on record as disapproving the unethical use of such 
names for materials not meeting the standards pre- 
scribed or implied in the definitions. 

7. Wuereas: Air transportation has greatly re- 
duced time and distance as a factor of considerable 
importance in retarding the spread of insect pests, 
and 

Wuergas: The agencies of the government of the 
United States, including the Bureau of Entomology 
and Plant Quarantine, are participating in the facili- 
tation of air travel and air transportation of plants 
and plant products, consistent with adequate protec- 
tion from pest hazards, and 

Wuereas: This Association is concerned with the 
spread of economic insect pests through world com- 
merce, 

Therefore, Be It Resolved: That this Association 
endorses the establishment of a policy of suitable 
precautionary inspection at or near as possible to the 
point of origin. 

8. Wuereas: This association has previously re- 
corded anxiety regarding limited research on the 
toxicity of insecticides to higher forms of animal life, 
and 

Wuereas: Entomologists and others are dealing 
with some materials that are very toxic to higher 
forms of animal life, and 

Wuereas: Statements and recommendations 
made by entomologists regarding the use of such 
toxic materials have a bearing on the safety and 
health of the public, 

Therefore, Be It Resolved: That this meeting reit- 
erate its concern with this phase of entomological re- 
search and urge provision for increased toxicological 
research and the early release and dissemination of 
data as it becomes available, and 

Be It Further Resolved: That greater attention be 
given to the inclusion of precautionary statements in 
recommendations regarding the storage, handling 
and use of highly poisonous insecticides. 

9. Be It Further Resolved: That copies of these res- 
olutions be forwarded to the governmental and other 
agencies concerned. 

J. L. HorsFALL W. V. Kine 
W. N. Keenan J. N. Roney 
G. C. Decker, Chairman 


REPORT OF THE NOMINATING 
CoMMITTEE 


The Nominating Committee wishes to announce 
again the result of the letter ballot by which Dr. 
A. M. Boyce was elected President and Dr. C, P. 
Clausen was elected First Vice President. 


_ The Nominating Committee submits the following 
list of nominations for your consideration: 


Vice Presidents 

Pacific Slope Branch, James N. Roney 

Cotton States Branch, Jonn T. CrEriGutTon 

Eastern Branch, F. C. NELSON 

North Central States Branch, F. N. WaLuace 

Section of Apiculture, Everett OERTEL 

Section of Extension, W. A. Rurrin 

Section of Plant Pest Control and Quarantine, 
Rosert P. CotMer 

Section of Teaching, Witu1am P. Hayes 
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Section on Insecticides, LELAND B. Norton 

Section on Medical Entomology, Ropert Maru- 
ESON 

Executive Committee, CHARLES E. Patm 

Committee on Membership, Epuriam Hrxson (1951), 
W. W. Srantey (1951) 

Committee on Common Names, T. A. BrinvLEY 
(1951), T. L. Aamopr (1951) 

Editorial Board (No Changes) 

Publications Committee, STANLEY E. FLANDERS 
Chairman (1951), Hartow B. Mints (1951) 

Program Committee, H. G. Jounston (1951), E. F. 
Knipuine, Chairman 

Committee on Insecticide Terminology, C. O. Eppy 
(1953), H. L. Hatter, Chairman (1952) 

Trustees for Permanent Fund, Cuay Lye (1951), 
H. F. Dietz (1949), to fill unexpired term of 
Hueu Guiasaow (deceased) 

Councillors for the AAAS, M. A. Stewart (1950) 

Representative to the National Research Council, 

Fioyp F. Smrtu (from June, 1949) 

Nominating Committee 

A. J. FLesut Harvow B. Mirus 

ARTHUR GIBSON E. R. Sasscer 

J. C. Conxuin, Chairman 


Report OF THE MEETING OF THE 
SECTION OF PLANT Pest CONTROL AND 
QUARANTINE 


The meeting of the Section of Plant Pest Control 
and Quarantine, of the American Association of Eco- 
nomic Entomologists, was held at the Hotel New 
Yorker, New York on Monday afternoon, December 
13, 1948. The meeting was called to order at 1:30 by 
Chairman C. R. Willey. 

After several announcements a nominating com- 
mittee consisting of Mr. E. L. Chambers and Mr. 
W. B. Wood was appointed. 

The following program was then presented: 

1. Fruitfly Problems in Hawaii, F. G. Holdaway, 
St. Paul, Minn. 

2. Plant Protection and Inspection Activities in 
Belgium and the Netherlands, E. Kostal, Hoboken, 
N.J 


8. Plant Inspection Activities in Canada, Nation- 
ally and Internationally, W. N. Keenan, Ottawa 
Canada 

4. Experiences with Plan Certifications, Olaf Ry- 
berg, Malmo Sweden 

5. Progress in the Control of Migratory Locusts in 
wr) America, Edson J. Hambleton, Washington, 

6. Local Cooperative Organizations to Supervise 
the Control of Field Crop Pests in California, Ray F. 
Smith, Berkeley, Calif. 

7. Effectiveness of DDT Soil and Foliage Treat- 
ments in Reducing White Fringed Beetle Larval In- 
jury, C. F. Henderson, L. G. Hard and E. R. Millet, 
Gulfport, Mississippi 

8. Methyl Bromide Fumigation of Orchid Plants 
Imported into the United States. Henry H. Richard- 
son, Washington, D. C. 

A general discussion of the topics presented ensued 
after the completion of the program. There was a 
hearty participation of those present. 

The nominating Committee submitted the follow- 
ing names for office for 1949: R. P. Colmer, State 
College, Miss., Chairraan, H. S. Dean, Washington, 
D. C., Secretary. The nominations were accepted 
and the nominees elected. 


H.S. Dean, Secretary 











192 


REPORT OF THE SECTION ON 
INSECTICIDES 


As a result of an extended discussion at the busi- 
ness meeting of the Section on Insecticides, the fol- 
lowing motion was unanimously approved: 

“The Section on Insecticides petition the Associa- 
tion to approve the inclusion of invitational papers 
as a part of the annual program of this Section.”’ Ap- 
proved at the final business meeting. 

At the business meeting of the Section on Insecti- 
cides, the Nominations Committee made the follow- 
ing recommendations in selecting officers for this 
Section in 1949. 

L. B. Norton, Chairman 
Donald Starr, Secretary 

They were unanimously approved. 

T. C. ALLEN, Secretary 


Report or INTERIM COMMITTEE ON 
Mepicat EnromMo.oey,* AMERICAN 
ASSOCIATION OF ECONOMIC 
ENTOMOLOGISTS 


The Committee on Medical Entomology was ap- 
pointed by President Rohwer on July 8, 1948 with 
the following functions: 

1. To define the purposes and functions of a 
Standing Committee on Medical Entomology, 
should they conclude that such a committee is de- 
sirable; 

2. To bring to the attention of the Executive 
Committee recommendations they may care to make, 
and 

3. To prepare a report on matters pertaining to 
the field of medical entomology which may be 
brought to the attention of the Association. 

In carrying out these functions members of the 
Committee have utilized both verbal discussions and 
written communications, and most members have 
reviewed with the Interim Officers of the Section on 
Medical Entomology the objectives of this Section. 
Certain other individuals have provided helpful sug- 
gestions and Dr. Cornelius B. Philip has very kindly 
made available information which he has obtained 
in a survey on the curent status of medical entomol- 
ogy in leading colleges and universities. The last sec- 
tion of the report, which is a review of the current 
status of medical entomology in this country, is sub- 
mitted as an appendix since it is too lengthy to be 
read with the regular report. 

It is recommended that a Standing Committee on 
Medical Entomology be appointed and that this 
Committee include each year representatives of the 
Army, Navy, Public Health Service, Bureau of En- 
tomology and Plant Quarantine, a college or univer- 
sity and possibly others. The principal functions of 
the committee should be to promote the objectives 
of the Section on Medical Entomology. The objec- 
tives which have been suggested by the Interim 
Committee correspond so closely to those set forth 
by the Interim Officers of the Section that they are 
not repeated here. One difference, however, which 
should be pointed out is that the Interim Committee 
makes a specific recommendation “to provide a me- 
dium by which the results of research in medical en- 
tomology may be made available to other interested 
professions.”’ It is requested that consideration be 


*H. H. Stage; Major F. W. Whittemore, Jr.; 
Commander J. D. De Coursey; Professor M. A. 
Stewart; A. D. Hess, Chairman. 
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given to the addition of this function to the listed 
objectives of the Section 

Since the first objective of the Section defines med- 
ical entomology as “‘the science dealing with insects 
and other arthropods in their relation to the health 
and comfort of man and animals,”’ it is assumed that 
medical entomology will be taken to include veteri- 
nary entomology. 

Th potential relationship between the Standing 
Committee on Medical Entomology and the Section 
on Medical Entomology may require some clarifica- 
tion. The use of such a committee with its limited 
number of members should increase substantially 
the work of the Section as a broader group. The re- 
lationship may be compared with that in the Ameri- 
can Public Health Association where a standing com- 
mittee which has a major portion of its interests as- 
sociated with a particular section also affordsa 
medium for the coordination of the work of that 
section with other groups having related interests, 
This is made possible by the appointment to the 
committee of members from various organizations 
who have specialized interests in appropriate fields 
of medical entomology. 

The Interim Committee on Medical Entomology 
makes the following additional recommendations: 

1. In carrying out the objectives of the Section on 
Medical Entomology it is recommended that meet- 
ings be held in conjunction with the annual meetings 
of the parent association at such periods as do not 
conflict with the scheduled meetings of the Associa- 
tion as a whole. 

2. It is recommended that a discussion period be 
included in the forthcoming session of the Section 
for the purpose of establishing an approved educa- 
tional curriculum in the field of medical entomology. 

3. The recommendation made by the former com- 
mittee to the effect that papers on medical entomol- 
ogy be assembled under an appropriate heading in 
each issue of the JouRNAL has been investigated and 
has been found to be impractical. However, assur- 
ance has been given by the Executive Committee of 
the Association that every effort will be made to as- 
semble all titles pertaining to the subject in one sec- 
tion of the index. 

4. It is recommended that the Section on Medical 
Entomology give favorable attention to the former 
committee’s suggestions that a current bibliography 
of papers on medical entomology worthy of note ap- 
pearing in other Journals be published regularly in 
the JouRNAL. 


REPORT OF THE MEETING OF THE SECTION 
oF MepicaL ENTOMOLOGY 


The Section of Medical Entomology met at 1:30 
P.M. on December 13, 1948, in the North Ballroom of 
the Hotel New Yorker, New York, N. Y. with S. W. 
Simmons, Chairman, presiding. An invitation paper 
entitled “Disease Vector Eradication” was _ pre- 
sented by Dr. Fred D. Soper, Director, Pan Ameri- 
can Sanitary Bureau. The following program of pa- 
pers was presented: 

1. Fumigating Properties of Several Chlorinated 
Hydrocarbon Insecticides Against Houseflies. R. A. 
Hoffman and A. W. Lindquist, Corvallis, Oregon. 
(Authors not present; paper not read.) 

2. Experiments on Control of Black Fly Larvae in 
Alaskan Streams by Aerial Application of DDT. 
C. M. Gjullin, D. A. Sleeper, and C. N. Husman. Or- 
lando, Fla. (Authors not present; paper read by 
B. V. Travis.) 
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3. Control of the Arctic Black Fly in the Sas- 
katchewan River by DDT Applied from Aircraft. 
A.W. A. Brown, A. P. Arnason, F. J. H. Frieden, 
W. W. Hopewell and J. G. Rempel, London, Can- 
ada. 

+. Large Scale Black Fly Control by Helicopter- 
Generated DDT Oil Fogs. R. D. Glasgow and D. L. 
Collins, Albany, N. Y. 

5. Control of Alaskan Mosquito Adults by Aerial 
Sprays. F. S. Blanton, Major, U. S. Army, Surgeon 
General's Office; C. N. Husman, B. V. Travis, Or- 
lando, Florida; C. S. Wilson, U. S. Army, Office of 
the Engineer, Alaska. 

6. Studies of Mosquito and Other Biting Insect 
Problems in Alaska. B. V. Travis, Orlando, Florida. 

7. Residual Toxicity of 41 Analogs of DDT to 
Houseflies and Mosquitoes Aedes Aegypti. R. L. 
Peffly and J. B. Gahan. 

8. Failure of DDT to Control Houseflies. W. V. 
King, Orlando, Florida. 

9. Observations on Housefly Control in Southern 
California in 1948. R. B. March and R. L. Metcalf. 

At the conclusion of the program a business ses- 
sion was held. The following statement of objectives 
and procedures was adopted unanimously and later 
approved by the Executive Committee of the 
AAEE: 


STATEMENT OF OBJECTIVES AND PROCEDURES, SEC- 
TION OF MepicaL ENtoMoLoGy, AMERICAN 
AssociATION OF Economic ENTOMOL- 
OGISTS 


In accordance with Article 2, Section 2, of the 
Constitution of the American Association of Eco- 
nomic Entomologists a petition was presented at the 
Fifty-Ninth Annual Meeting of the Association for 
the formation of A Section on Medical Entomology 
(Jour. Econ. Ent. 41: 188, 1948). In accordance 
with this action, the President of the Association ap- 
pointed the undersigned as officers, and a statement 
of objectives and procedure is hereby submitted for 
the approval of the Executive Committee. 
OBJECTIVES: 

1. To promote within the scope of the constitution 
and by-laws of the Association the advancement of 
knowledge and practice of medical entomology, 
which is the science dealing with insects and other 
arthropods in their relation to the health and com- 
fort of man and animals. 

2. To discuss medical entomology activities in re- 
lation to the related fields of medicine, veterinary 
medicine, engineering and other sciences. 

3. To encourage a greater degree of cooperation 
between research institutions, governmental agen- 
cies and commercial interests in this field. 

4. To encourage the highest possible standards of 
training. 

5. To foster the advancement of medical entomol- 
ogy and related sciences in organizations actively 
engaged in this field by recommending improvement 
of professional status and practices, and by aiding in 
the procurement of professional personnel of high 
qualifications. 

6. To provide for liaison and cooperation with 
medical entomology in other countries through par- 
ticipation in the programs of the section by entomol- 
ogists of other countries. 

7. To hold meetings, with or without fixed pro- 
grams for the purpose of reporting upon scientific 
research and interchange of scientific information. 
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PROCEDURE: 


In carrying out the above objectives, meetings of 
the section shall be held in connection with the an- 
nual meetings of the parent association, and at such 
periods as do not conflict with scheduled meetings of 
the Association as a whole. 

The chairman appointed the following committee 
to nominate a slate of not less than two individuals 
each fer chairman and secretary of the Section in 
1949. It was requested that each candidate nomi- 
nated be a member of the AAEE and that a report 
be made at the conclusion of the evening session. The 
following were appointed: E. F. Knipling, Chair- 
man; G. H. Bradley; and M. A. Stewart. 

It was announced that the Executive Committee 
AAEE had voted to discontinue the “Committee on 
the Development of Medical Entomology in the As- 
sociation” appointed in 1947. The following commit- 
tee was appointed by the chairman to work with the 
chairman and secretary during 1949 to advance the 
objectives adopted for the Section: A. D. Hess, 
Chairman, F. S. Blanton and W. E. Dove. The 
Chairman of the Section and the Secretary will serve 
as members of the committee. 

The Monday evening session, December 13, 1948, 
was called to order by the Chairman at 7:30 P.M. in 
Parlors F and G. An invitation paper was presented 
entitled “The Entomologist and the International 
Health Program” by Dr. L. L. Williams, Jr., Medical 
Director, U. S. Public Health Service, Washington, 
D. C. The following program was presented follow- 
ing the address by Dr. Williams: 

1, Entomology as a Career in the United States 
Army. Colonel O. F. Goriup, Surgeon General’s Of- 
fice, Washington, D. C. (Paper presented by Major 
Whittemore.) 

2. Distribution of Domestic Rat Fleas, Murine 
Typhus and Rat Plague in the United States. Carl O. 
Mohr, Atlanta, Georgia. (Author absent, paper not 
read.) 

3. Studies on the Sylvatic Plague Transmission 
Potential of Diamanus Montanus. M. A. Stewart, 
Berkeley, Calif. 

4. Ohio’s First Mosquito Control District, Her- 
bert A. Crandell, Toledo, Ohio. (Author absent, paper 
not read.) 

5. Control of Scabies on Man and Domestic Ani- 
mals with Benzene Hexachloride. James G. Sanders, 
New York, N. Y. 

6. Steps in the Development of Tick Control Rec- 
ommendations on Long Island. D. L. Collins, R. V. 
Nardy and R. D. Glasgow, Albany, N. Y. 

7. Practical Control of the Tick Vector of Rocky 
Mountain Spotted Fever on Long Island. R. D. 
Glasgow, D. L. Collins and R. V. Nardy, Albany, 
a y. Y 

8. A technique for Screening Candidate Acari- 
cides with Results Obtained. C. M. Tarzwell, H. P. 
Nicholson and D. P. Cullens, Savannah, Ga. 

Following the presentation of papers, two motion 
pictures were shown entitled the following: Fogging 
with the Bell Aircraft Helicopter for Black Fly Con- 
trol, and Studies of the Tick Vector of Rocky Moun- 
tain Spotted Fever on Long Island. 

A business session was convened following the mo- 
tion pictures. The Nominating Committee reported 
and a vote was taken for the 1949 officers of the Sec- 
tion. Dr. Robert Matheson was elected chairman 
and W. D. Reed, Secretary. 

Meeting adjourned 11:5 P.M. 

W. D. Reep, Secretary 
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Greenwood, Douglas E., Va. Truck Expt. Station, 
Norfolk, Va. 
Gresham, William B. Jr., 1503 So. Habana, Tampa, 
Fla. 
*Gressitt, J. Linsley, Lingnan University, Canton, 
China 


Griep, Howard T., 117 Fairway Village, Columbia, 


Mo. 

Griffin. Clyde M., Ashcraft-Wilkinson Co., Norfolk 
10, Va. 

Griffin, Edward L., P.M.A., U.S.D.A., Washington 
25, D.C. 

Griffin, S. W., 9207 Worth Ave., Silver Spring, Md. 
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Griffiths, James T., Jr., Citrus Expt. Station, Lake 
Alfred, Fla. 

Griggs, Orvis B., 819 W. Broad St., Richmond, Va. 

Gross, Joseph, 505 Society for Savings Bldg., Cleve- 
land, Ohio 

Grout, Roy A., Hamilton, Il. 

Guice, Olyn T., Jr., 210 California Ave., Leland, 
Miss. 

Guillory, Yves, 224 S. Scott St., New Orleans 19, 


La. 

Gunderson, A. J., Sherwin Williams Co., Cleveland, 
Ohio 

Gunderson, Harold, Insectory, State College, Ames, 
Iowa 

Gunther, Francis A., Citrus Expt. Station, River- 
side, Calif. 

Gurney, Ashley B., U.S. N.M., Washington 25, D.C 

Guthrie, Frank E., Ent. Dept., Univ. of Illinois, 
Urbana 

Guy, H. G., Koppers Co., Pittsburgh, Pa. 

Guyton, F. E., Polytechnic Inst., Auburn, Alabama 

Guyton, Thomas L., 2310 Chestnut St., Harrisburg, 
Pa. 

Gwinner, Charles C., 6300 State Rd., Philadelphia 
Pa. 

Gyrisko, George, Cornell Univ., Ithaca, N.Y. 


Haack, T. T., 32 Brevort Rd., Columbus 2, Ohio 

Haas, Carstens, Box 388, Philadelphia 5, Pa. 

Haberman, Warren O., Dept. of Vet. Science, Univ. 
of Wisconsin, Madison 6 

Hadley, C. H., Box H, Moorestown, N. J. 

Haeussler, Gilbert J., U.S.D.A., B.E.P.Q., Washing- 
ton 25, D.C. 

Hagmann, Lyle E., College of Agr., Rutgers Univ., 
New Brunswick, N.H. 

Haines, Kenneth A., 354 N. River St., Wilkes Barre, 
Pa. 

Haines, Tom W., Box 270, Thomasville, Ga. 

Hall, Berriarr J., 7148 Colony Rd., La Mesa, Calif. 

Hall, David G., 4110 South Bldg., U.S.D.A., Wash- 
ington 25, D.C. 

Hall, Donald E., 11240 Brookhaven Ave., Los 
Angeles 34, Calif. 

Hall, J. Allan, 315 Main St., Simcoe, Ont., Canada 

Hall, Stanley A:, 4519 32nd St., Mt. Ranier, Md. 

Haller, C. F., 4725 Hastings St., El Paso, Tex. 

Haller, H. L., 4407 38th St., Washington, D.C. 

Hallock, Harold C., U.S.D.A., Twin Falls, Idaho 

Hambleton, Edson J., Off. of For. Agr. Relations, 
U.S.D.A., Washington 25, D.C. 

Hambleton, James I., Bee Culture Lab., Beltsville 
Research Center, Beltsville, Md. 

Hamilton, C. C., N.J. Agr. Expt. Station, New 
Brunswick, N.J. 

Hamilton, D. W., Cottage Rd., Poughkeepsie, N.Y. 

Hamman, Robert E., 3510 High Court, Wheatridge, 
Colo. 

Hammer, Oscar H., 225 Broadway, South Haven, 
Mich. 

Hammond, George H., Aylmer, Quebec, Can. 

Hammond, Harry J., Sr., 1016 N. Jackson St., Mil- 
waukee, Wis. 

Hamner, Arthur L., State College, Miss. 

Hamsher, C. A., 1901 Glenhaven Ave., Walnut 
Creek, Calif. 

Hamstead, Elwood O., Univ. Experiment Farm, 
Kearneysville, W.Va. 

Handford, R. H., Field Crop Insect Lab., P.O. Bldg., 
Kamloops, B.C., Canada 

Hanna, Lester W., Hillsboro, Ore. 

Hanna, Ralph B., Jr., 618 Third St., Marietta, Ohio 
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Hanna, Ralph L., Box 2179, College Station, Tex. 
or ae Roy, Shell Ag. Lab., Box 1531, Modesto, 
alif. 
oe James W., 1640 Euclid Ave., Berkeley, 4, 
alif, 
Hansens, Elton J., Entom. Dept., N.J. Agr. Expt. 
Station, New Brunswick, N.J. 
Harden, Philip H., Univ. Farm, St. Paul, Minn. 
Harder, Frank K., Box 111, Hempstead, N. Y. 
Hardy, D. Elmo, Dept. of Ent. & Zool., Univ. of 
Hawaii, Honolulu 
Hardy, T. H., 2119 Rutland, Houston, Tex. 
Hare, Quinton A., Ft. Hancock, Tex. 
Haring, Robert C., 95 Sterling Ave., White Plains, 


N.Y. 

*Harned, R. W., Div. of Cotton Insects, U.S.D.A., 
Washington 25, D.C. 

Harper, Gene M., 307 West G Street, Ontario, Calif. 

H -—. Robert W., 590 W. Calaveras St., Altadena, 
Calif. 

Harries, F. H., 151 W. 11th Ave., Columbus, Ohio 

Harrington, Cecil D., Box 134, Elgin, Ore. 

Harris, C. S., 254 W. Seaman Ave., Freeport, N.Y. 

Harris, Halbert M., Iowa State College, Ames, Iowa 

Harris, Herbert H., McConnon & Co., Winona, 
Minn. 

Harris, J. A., N.C. Dept. of Agr., Raleigh, N.C. 

Harris, Lewis P., Sherwin Williams Co., 101 Prospect 
St., Cleveland, Ohio 

Harris, Vernon C., 313 East Main St., Starkville, 
Miss. 

Harrison, P. K., Agr. Center, University Branch, 
Baton Rouge, La. 

Harston, George B., Cowley, Wyo. 

Hart, Winfield H., Univ. of Calif., Div. of Ent., 
Berkeley 4, Calif. 

Hartnack, Hugo, 324 N. 4th St., Tacoma, Wash. 

Hartzell, Albert, Boyce Thompson Inst., 1086 N. 
Broadway, Yonkers, N.Y. 

Hartzell, F. Z., Agr. Expt. Station, Geneva, N.Y. 

Harukawa, Chukichi, Kyoto Imperial Univ., Kyoto, 
Japan 

Harvill, Edward, Ernst Bischoff Co., Ivoryton, 
Conn. 

Haseman, Leonard, Univ. of Missouri, Columbia 

Hastings, Arthur R., Box 71, Calif. Spray Chem. 
Corp., South Haven, Mich. 

Hastings, Ellsworth, Montana State College, Boze- 
man, Mont. 

Hatch, M. B., Alderton, Wash. 

Hatch, Melville H., Univ. of Washington, Seattle 

Haude, William J., Pittsburgh Agr. Chem. Co., 350 
Fifth Ave., New York 1, N.Y. 

Haug, Gordon W., Kelowna, B.C., Canada 

Hauke, Harold A., 2467 Park Ave., Lincoln 3, Neb. 

*Haviland, Elizabeth E., University of Maryland, 
College Park 

Hawkins, H. J., Univ. of Maine, Orono 

Hawkins, Lon A., 1850 Beacon Dr., Eugene, Ore. 

Hawley, I. M., Box 150, Moorestown, N.J. 

Haydak, M. H., Univ. Farm, St. Paul 1, Minn. 

Hayes, William P., Univ. of Illinois, Urbana 

Haynes, Harry, Boyce Thompson Inst., Yonkers, 
N.Y. 

Hayslip, Norman C., Everglades Expt. Station, 
Belle Glade, Fla. 

Hazen, Anita C., Res. Center, Beltsville, Md. 

Heal, Ralph E., 535 Madison Ave., Elizabeth, NJ. 

Heckathorn, Eugene S., 155 Sunnyside Ave., 
Brooklyn 7, N.Y. 

Heaton, Robert R., 6421 Broadway, Indianapolis, 
Ind. 
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Heller, Isidore, 3410 Broadway, New York $1, N. Y. 

Heming, W. E., Dept. of Biology, Whittier College, 
Whittier, Calif, 

Henderson, Charles A., Box 32, Muscatine, Iowa 

Henderson, Charles F., 808-43rd Ave., Gulfport, 
Miss. 

Henderson, Lyman S., Res. Center, Beltsville, Md. 

Hendrickson, Donald W., 192 S.E. Blvd., Carana, 
Calif. 
Hensill, Cony S., Calif. Spray Chem. Corp., Rich- 
mond, Calif. 
Herbert, F. B., Shell Oil Co. Ag. Lab., Box 1531, 
Modesto, Calif. 

Hereford, A. J., 292 Mills St., N.W., Atlanta, Ga. 

Herms, William B., Univ. of California, Berkeley 

Herrick, Glen W., Cornell Univ., Ithaca, N.Y. 

Hervey, G. E. R., Expt. Station, Geneva, N.Y. 

Heslop, R. C., 160 Hampton Ct., Athens, Ga. 

Hess, A. D., Health & Safety Dept., Tenn. Valley 
Authority, Wilson Dam, Ala. 

Hess, George M., Jr., 3636 46th St., S.W., Seattle 6, 
Wash. 

Hester, J. G., Box 597, State College, Miss. 

Hetrick, L. A., Dept. of Ent., Univ. of Fla., Gaines- 
ville, Fla. 

Heuberger, John W., Univ. of Delaware, Newark 

Hibbs, Edwin T., Ohio Agr. Expt. Station, Wooster, 
Ohio 

Hill, Arthur M., Jr., Vero Beach, Fla. 

Hill, C. C., Beltsville Res. Center, Beltsville, Md. 

Hill, Clarence H., Winchester Res. Lab., Winchester, 
Va. 

Hill, Roscoe E., Dept. of Entomology, Coll. of Agr., 
Lincoln, Neb. 

Hill, S. O., Army Med. Lab., Ft. McPherson, Ga. 

Hills, Orin A., 1743 W. Walnut St., Phoenix, Ariz. 

Hinkle, Galen A., Douglas Chemical & Supply Co., 
1324 West 12th St., Kansas City 7, Mo. 

Hinman, E. Harold, Dept. of Public Health, Univ. 
of Oklahoma, Norman 

Hinman, Edwin, J., 407 W. Alderson, Bozeman, 
Mont. 

Hinman, Frank G., Box 73, Moscow, Idaho 

Hitchcock, John D., Bee Culture Field Lab., 
Laramie, Wyo. 

Hitchner, L. S., AIF Assoc., 285 Madison Ave., 
New York, N.Y. 

Hitt, Clifton B., 521 Portage St., Kalamazoo, Mich. 

Hixson, Ephriam, Dept. of Ent., College of Agr., 
Lincoln 1, Neb. 

Hixson, Homer, Biology Dept., Oklahoma City, 
Univ., Oklahoma City, Okla. 

Hobbs, Edward, Box 849, Las Cruces, N. M. 

Hockenyos, George L., 213 E. Jefferson St., Spring- 
field, Ill. 

Hodgden, Burton B., 215 Lane Rd., Sunflower Vil- 
lage, Sunflower, Kan. 

Hodgkiss, H. E., 147 W. Park Ave., State College, 
Pa. 

Hodson, Alexander C., Univ. of Minn., Ent. Dept., 
St. Paul, Minn. 

Hoerner, John L., Agr. Expt. Station, Ft. Collins, 
Colo. 

Hoffman, Clarence H., Box 71, Bowie, Md. 

Hoffman, Julius R., Dept. of Ent., Cornell Univ., 
Ithaca, N.Y. 

Hoffman, Robert A., R. 2, Box 140-B, Corvallis, 
Ore. 

Hoffman, W. E., Lingnan Univ., Dept. of Biology, 
Canton, China 

Hofmaster, Richard N., Va. Truck Expt. Station, 

Box 2160, Norfolk, Va. 
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Hoidale, Paul, Harlingen, Tex. 
Holdaway, F. G., Univ. of Minnesota, St. Paul 
Holdsworth, Robert P., Jr., Box 297, Hyde Park, 
N.Y. 
ra James K., 1050 San Pablo Ave., Albany, 
if 


Calif. 

— John E., Jr., 1950 North 11th St., St. Louis 
6, Mo. 

Holway, Richard T., NAMRU #3, c/o C.N.O. 
(0182), Mail Dispatch Sect. Navy Dept., Washing- 
ton 25, D.C. 

Hood, C. E., 20 Sanderson St., Greenfield, Mass. 

Hood, J. Douglas, Roberts Hall, Ithaca, N.Y. 

Hood, Richard V., 2330 Wheat St., Columbia, S.C. 

Hooker, W. A., 19 Pine Ave., Takoma Park, Md. 

Horen, W. Peter, Gen. Delivery, Kerrville, Tex. 

es James G., Agr. Expt. Station, New Haven, 

Horsfall, J. L., American Cyanamid & Chem. Corp., 
30 Rockefeller Plaza, New York, N.Y. 

Horsfall, William R., Univ. of Illinois, Urbana 

Hoskins, William M., Univ. of Calif., 111 Agr. Hall, 
Berkeley 

Hough, W.S., 523 Fairmount Ave., Winchester, Va. 

House, Berry C., McAllen, Tex. 

Hovanitz, William, Dept. of Biology, Wayne, Univ., 
Detroit, Mich. 

Hovey, Charles L., Eastern States Farmers Ex- 
change, West Springfield, Mass. 

— L. O., 45 Pondfield Rd., W. Bronxville, 

en Neale F., 151 W. Eleventh Ave., Columbus, 

hio 

Howe, Edwin W., 822 E. 11th St., Ottawa, Kan. 

we % Wayne L., N.Y. Agr. Expt. Station, Geneva, 


Howe, William H., 822 E. 11th St., Ottawa, Kan. 
Howell, Dariel E., 1408 Lewis, Stillwater, Okla. 
— Adelbert F., 1208 E. Main St., Alhambra, 
alif. 
Hoyle, W. L., 4507 Maple, Dallas 9, Tex. 
Hoyt, Avery S., B.E.P.Q., Washington 25, D.C. 
Huber, L. L., Dept. of Agronomy, State College, Pa. 
Huckett, H. C., RFD, Riverhead, Long Island, N.Y. 
— Carl B., 1050 San Pablo Ave., Albany 6, 
if. 
Hughes, John H., USPHS, Div. of For. Quar., 
Bethesda 14, Md. 
Hull, Frank M., 1104 University St., Univ. of Miss- 
issippi, Oxford 
Hull, William B., 104 King Hall, Univ. of Wisconsin 
*Hungerford, H. B., Univ. of Kansas, Lawrence 
Hunt, C. R., Horticultural Branch Expt. Sta., Cor- 
vallis, Mont. 
Hunt, Harry A., Box 1303, Yuma, Ariz. 
Hunt, Olen E., 7300 Wingate St., Houston 11, Tex. 
Hunt, Ronald, W., Box 528, Whittier, Calif. 
Hunt, W. T., 855 Alametas St., San Antonio 1, Tex. 
Hunter, William P., 1089 W. Cypress St., Gaines- 
ville, Fla. 
Hupper, Theodore R., 3748 Gunstan Rd., Alex- 
andria, Va. 
Hurtig, Henry, c/o Defence Res. Bd. Expt. Station, 
Suffield, Alberta, Canada 
Hutchins, Francis E., 33 Winfield St., East Norwalk, 
Conn. 
Hutchins, Ross, St. Plant Bd., State College, Miss. 
Hutchings, Floyd W., 5137 48th Ave., N.E., Seattle 
5, Wash. 
Hutchison, Robert N., 


236 W. College, Covina, 
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Hutson, Ray, Ent. Dept., State College, East 
Lansing, Mich. 

Hutton, George L., Rm. 2040, Bldg. T 7, Off. of 
Chief of Engineers, Washington 25, D.C. 

Hutton, R. W., Shell Oil Co. of Canada Ltd., 
Toronto, Ont., Canada 

Hynak, Joseph R., Box 103, Scranton, Pa. 

Hyslop, J. A., Avenal, Silver Spring, Md. 

Hyson, Harry C., 7 Manor Pl., Glen Cove, Long 
Island, N.Y. 


Iglinsky, William Jr., Texas A. & M. College, College 
Sta., Tex. 

Incho, Harry H., 1047 Jack Pl., Baltimore 25, Md. 

Ingerson, H. G., John Bean Mfg. Co., Lansing, 
Mich. 

Ingram, J. W., Houma, La. 

Irish, C. F., 418 E. 105th St., Cleveland, Ohio 

Irons, Frank, Box 107, Sta. E., Toledo 9, Ohio 

Irvine, Milton B., 4170 11th St., Riverside, Calif. 

Isbill, Max, 733 Boush St., Norfolk, Va. 

Isely, Dwight, Univ. Sta., Box 3, Fayetteville, Ark. 

Isgrig, Ben C., Jr., R. 2, Little Rock, Ark. 

Ito, Kiyoshi, Box 3166, Pineapple Producers Coop. 
Assoc., Honolulu, Hawaii 

Iturbe, Alfonso Cortes, International House, 
Berkeley, Calif. 

Iverson, Leo G. K., Box 829, Rapid City, S. Dak. 

Ives, Harlem, B., c/o Rose Exterminator Co., 
12652 Livernois, Detroit 4, Mich. 

Ivy, Edward E., Texas A. & M. College, College 
Station, Tex. 


Jablonowski, Josef, Ent. Station, Budapest, 
Hungary 

Jackson, Thomas C., 118 E. $1 St., Los Angeles 2, 
Calif. 

Jack, Ruppert W., Salisbury, Rhodesia, South 
Africa 

Jacobs, Evan Trevor, Maple Leaf Milling Co., 12 
Monarch Rd., Toronto, Ont., Canada 

Jaenicke, Alex J., U.S. Forest Service, Box 4137, 
Portland, Ore. 

James, Maurice T., State College of Washington, 
Pullman, Wash. 

James, William Scott, 

Janes, Melvin, 1 Overhill Lane, Flower Hill, Roslyn, 
N.Y. 

Janes, R. L., Michigan State College, Fast Lansing, 
Mich. 

*Jaynes, Harold A., Brooksvale Ave., R. 3, Mt. 
Carmel, Conn. 

Jefferson, R. N., Univ. of California, Los Angeles 24 

Jenkins, Lee, 107 Whitten Hall, Columbia, Mo. 

Jennings, Cedric C., General Chem. Co., Rm. 80240, 
Rector St., New York 6, N.Y. 

Jennings, H. E., Smithereen Co., 7417 Stoney Island, 
Chicago, II. 

Jensen, Dilworth D., Div. of Ent. & Parasitology, 
Univ. of California, Berkeley 

Jeppson, Lee R., Citrus Expt. Station, Riverside, 
Calif. 

os nes A., 3185 Woodhome Ave., Baltimore 14, 
Md. 

Jewell, Edward S., 634 E. Kingsley Ave., Pomona, 
Calif. 

Jewett, Howard H., Expt. Station, Lexington, Ky. 

Jobbins, Daniel M., Pan American Sanitary Bureau, 
Apartado 383, Guatemala, C.A. 

Jodka, Joseph F. T., 2428 Seneca Blvd., Caywood, 


aNede 
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Johansen, Carl A., Western Wash. Expt. Station, 
Puyallup, Wash. 

— O. A., Box 48, College of Agr., Ithaca, 

Johnson, Albert W., 705 W. Mulberry St., Ft. Col- 
lins, Colo. 

Johnson, Donald R., Univ. Farm, Univ. of Minne- 
sota, St. Paul 1 

Johnson, Esler, 1212 Broadway, Oakland 12, Calif. 

Johnson, George V., Ornamentals Res. Lab., Mel- 
ville Rd., Farmingdale, L.I., N.Y. 

Johnson, J. Peter, Box 1106, New Haven, Conn. 

Johnson, Nels J., 1212 Elmwood Ave., Evanston, Il. 

Johnson, Philip C., Box 630, Coeur d’Alene, Idaho 

Johnson, Ralph J., 731 Lynn St., Peoria, Il. 

4 Roger B., Cottage Rd., Poughkeepsie, 

Y 


Johnson, T. C., Box 263, Lancaster, Pa. 

Johnston, Charles A., Rm. 201 Custom House, Bal- 
timore, Md 

Johnston, H. G., Dept. of Ent., College Station, Tex. 

Johnston, Harmon R., Box 151, Gulfport, Miss. 

Johnston, T. Harvey, Univ. of Brisbane, Queens- 
land, Australia 

Jones, Clyde R., R. 1, Weston, Ohio 

Jones, Edward W., Box 616, Walla Walla, Wash. 

Jones, Elmer T., 1204 Fremont Ave., Manhattan, 
Kan. 

Jones, George D., 106 Whitten Hall, Univ. of Mis- 
souri, Columbia 

Jones, George M., Box 1024, Pharr, Tex. 

Jones, George W., 801-98th Ave., Oakland 3, Calif. 

ag Howard A., 5907 Bellona Ave., Baltimore 12, 
Md. 

Jones, Jack D., Box 92, San Joaquin, Calif. 

Jones, Laurence S., Box 1066, Riverside, Calif. 

Jones, M. L., R. 5, Box 7661, Sacramento, Calif. 

Jones, Merlin P., B.E.P.Q., Washington 25, D.C. 

Jones, P. R., 237 Bonitas, Piedmont, Calif. 

Jones, S. E., Agr. Expt. Sta., College Station, Tex. 

Jones, Sydney Carroll, Oregon State College, Cor- 
vallis, Ore. 

Jones, V. Rhys, R. 1, Box 417, Paradise, Butte Co., 
Calif. 

Jones, Victor E., Idaho State College, Pocatel'o, 
Idaho 

Jonson, William L., 495 S. Arroyo Parkway, Pasa- 
dena, Calif. 

Jordan, ~ pias B., 2701 Winthrop Ave., Indianapo- 
lis, Ind. 

Joyce, Charles R., U.S.P.H.S., Box 1410, Honolulu, 


Hawaii 


Kaan, Helen W., 2101 Constitution Ave., Washing- 
ton 25, D. C. 

Kadner, Carl G., Loyola Univ. of Los Angeles, Los 
Angeles 45, Calif. 

Kagy, J. Franklin, Box 245, Seal Beach, Calif. 

Kaloostian, Geo. H., U.S.A.C., Box 146, Logan, 
Utah 

Kane, N. F., R. 2, Gardners, Pa. 

Karlovic, John K., Box 296, Benton Harbor, Mich. 

Karr, Errol Hay, 624 No. M. St., Tacoma, Wash. 

Kartman, Leo, School of Hygiene & Pub. Health, 
615 N. Wolfe St., Baltimore 5, Md. 

Kauffman, William, 626 Thurber Rd., Tucson, 
Ariz. 

Kearns, Clyde W., 303 Entom. Bldg., Urbana, IIl. 

Keck, C. B., 2143 Lanihuli Dr., Honolulu, Hawaii 

Keen, F. P., Forest Insect Lab., 29 Forestry Bldg., 
Univ. of Calif., Berkeley 4, Calif. 

Keenan, Wm. N., Science Service, Ottawa, Canada 
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Keener, George G., Jr., U.S.P.H.S., City Hall, 
Concordia, Kan. 

Keifer, H. H., 1112 Swanston Dr., Sacramento 14, 
Calif. 

Keil, Harry L., Biological Laboratories, Rohm & 
Haas Co, Bristol, Pa. 

Keiser, Irving, 716 Joseph Ave., Gulfport, Miss. 

Kellogg, C. R., Avenida Insurgentes 247, Aparta- 
mento 5, Mexico, D.F. 

Kellogg, Wilson, R. 5, Boise, Idaho 

Kelly, E. G., K.S.C., Manhattan, Kan. 

Kelly, Michael J., 1708Reisterstown Rd., Pikesville 

, Md. 

Kelsheimer, 
Bradenton, Fla. 

Kenaga, Eugene Ellis, Rt. 2, Midland, Mich. 

Kennedy, C. H., Ohio State Univ., Columbus, Ohio 

Kennedy, Robert D., 601 Custom House, Phila- 
delphia, Pa. 

Kent, Ellis C., 

Kerbey, George F., 


Eugene G., Vegetable Crops Lab., 


Salem, Ore. 


984 Spruce St., 
Yardville, 


4039 S. Broad St., 


Kerr, Theodore W., Jr., Rhode Island State College, 
Kingston, R.I. 

Kido, George §., Wisconsin Alumni Res. Founda- 
tion, 509 N. Walnut St., Madison 1, Wis. 

Kidwell, Arthur S., R. 1, Taneytown, Md. 

Kilgore, Lowell B., 1050 30th St., Washington 7, 
GC, 


Kindler, James B., 29A Ridge Rd., Greenbelt, Md. 

King, Charles A., Jr., Extension Service, College 
Station, Tex. 

King, Charles E., 61 Roseneath Ave., Newport, R.I. 

King, Edwin W., Dept. of Biology, V.P.I., Blacks- 
burg, Va 

King, Herman L., Ent. Dept., Mich. State College, 
East Lansing, Mich. 

King, J. L., Box H., Moorestown, N.J. 

King, John R., Citrus Expt. Station, Lake Alfred, 
Fla. 

*King, K. M., 
Canada 

King, W. V., B.E.P.Q., Orlando, Fla. 

King, York A., Jr., 156 N. 22 St., Philadelphia 3, Pa. 

Kinney, Lyle, Bear Creek Orchards, Medford, Ore. 

Kinsey, A. C., Indiana Univ., Bloomington, Ind. 

Kinsley, Charles H., Embarcadero at Mission, San 
Francisco 5, Calif. 

Kirkpatrick, Albert F., 2640 Ramona St., Palo Alto, 
Calif. 

Kirsch, Fred A., 204 S. Grandview Ave., Yakima, 
Wash. 

Kislanko, J. P., Wiggins, Miss. 

Kisliuk, Max, Jr., 87-77—168th St., Jamaica, Long 


Island, N.Y. 
Klein, Harvey W., 1141 N. Third St., Milwaukee, 


Parliament Bldg., Victoria, B.C., 


Wis. 

Klock, F. Y., Crop Saver Chem. Co., Inc., 3511 
Potomac Ave., Chicago 51, Il. 

Knapp, Royce Burton, 731 12th St., N., Fargo, N.D 

Knapp, Virgil R., Entomological Service & Supply 
Co., Zionsville, Ind. 

Knapp, W. A., 144 Waverly Place, New York 14, 
N.Y 


Knight, H. H., Iowa State College, Ames, Iowa 

— Kenneth L., R. 4, Baltimore Rd., Rockville, 
Md. 

Knight, Paul, 2141 Eye St., 

Knipling, E. F., 

Knowlton, George F., 
Logan, Utah 


Washington 7, D.C, 
B.E.P.Q., Washington 25, D.C. 
Utah State Agr. College, 
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Knull, Josef N., Dept. of Ent., O.S.U., Columbus, 
Ohio 

Knutson, Herbert, Rhode Island State College, 
Kingston, R.I. 

—— Louis, 2225 N. Melvin St., Philadelphia 
$1, Pa. 

Kohler, Charles E., U.S.P.H.S., Box 3788, San Juan, 
Puerto Rico 

Kohls, Glen M., Hamilton, Mont. 

Konkright, Blaine J., 1205 Grandhaven, Salinas, 
Calif. 

Korsmeier, Raymond B., 
tier, Calif. 

Kostal, E., 209 River St., Hoboken, N.J. 

Kotler, Louis, 619 Exchange Bldg., Memphis, Tenn. 

Kowal, R. J., Box 151, Gulfport, Miss. 

Kramer, Marvin C., 3135 S. Pennsylvania St., 
Englewood, Colo. 

Krauss, Noel L. H., 2437 Parker PI., 
Hawaii 

Krausche, Kenneth K., 134 Crestview Ct., Charles- 
town, Ind. 

Krestensen, E. R., 

Kretzschmar, Gers ard P., 
5, Tex. 

Kuitert, Louis C., Agr. Expt. Sta., Gainesville, Fla. 

Kulagin, Nikolaie, Petrov-Rasumoyskoie, Moscow, 
Russia 

Br Yi% Walter M., 


12218 S. Luitweiler, Whit- 


Honolulu 5, 


3221 Plumb St., Houston 


N. C. State College, Raleigh, 


Kote Stephen, 308 Maynard St., Ann Arbor, 
Mich. 
Kyd, Sterling, Oklahoma A & M College Stillwater, 


Okla. 


Laake, E. W., Box 232, Kerrville, Tex. 
— J. P., Citrus Exp. Station, Riverside, Calif. 
La Follette, J. R., 101 Ridge Rd., Whittier, Calif. 
LaHue, Delmon W., Ga. Coastal Plain Expt. Sta- 
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